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CHAPTER 1: Introduction 
1.1 Background 
Black Mountain Open Space Park is a 950-hectare park located in the Rancho 
Peñasquitos Community of northern San Diego owned and managed by the City of 
San Diego. The park encompasses most of Black Mountain, the highest peak in the 
community, which is part of the Santiago Peak Volcanic (SPV) arc, an early 
Cretaceous volcanic arc comprising the westernmost edge of the Peninsular Ranges 
Batholith (Herzig and Kimbrough, 2014). Currently, the park includes a number of 
multi-use trails, and is visited daily by hikers, mountain bikers, and wildlife 
enthusiasts. Formerly, the north-facing side of Black Mountain hosted a small-scale 
artisanal arsenic (As) mining operation active in the 1920s and 30s (Weber, 1963). 
This mining site is classified by the State of California as a legacy abandoned mine 
as mining operations ceased prior to state and U. S. federal laws required reclamation 
of mined land. 
Johnston (2016) investigated As distribution in rocks located in the vicinity 
of the former mining area and found anomalously high As concentrations. Arsenic 
concentrations in site rock and ore ranged up to approximately 300,000 mg/kg, 
which is over 60,000 times greater than the upper crustal average of 4.8 mg/kg 
(Rudnick and Gao, 2003). These extremely elevated concentrations indicated an 
urgent need to assess As concentrations in other environmental media (i.e., soil, 
sediment, and surface water runoff) and its potential for off-site mobilization. This 
thesis investigates As mobility in rock and drainage sediment downgradient from the 
former mine workings, examines As transport in an ephemeral drainage pathway, 
3 
 





1.2 Previous site work 
In 2015, the University of San Diego (USD), permitted by the City of San 
Diego, began geological research and characterization of Black Mountain Open 
Space Park and the associated historic mining site. An initial field-portable X-ray 
fluorescence (XRF) investigation conducted by Johnston (2016) identified As 
concentrations in Black Mountain rock up to 400,000 mg/kg. This was followed by 
investigations into Black Mountain SPV geology, As distribution in Black Mountain 
rock, and characterization of the As host minerals. Johnston (2016) found that SPV 
outcropping at Black Mountain are remnants of a subaerial volcanic arc that 
underwent syn-volcanic greenschist facies alteration with lavas ranging from dacites 
to rhyolites. SPV rock As content at the site was enriched (up to 3,155 mg/kg) 
relative to the upper crustal average (4.8 mg/kg; Rudnick and Gao, 2003); a model 
for SPV rock As enrichment was proposed. In addition, Johnston (2016) used 
scanning electron microscopy to identify primary As host minerals at the site, which 
include pyrite (FeS2) and arsenopyrite (FeAsS). The secondary As host minerals 
include scorodite (FeAsO4), jarosite (KFe3(OH)6(SO4)2), natropharmacosiderite 
[(Na,K)Fe43+(AsO4)3(OH)4 · 6-7H2O], arseniosiderite (Ca2Fe3+O2(AsO4)3 · 3H2O), 
yukonite (Ca7Fe3+(AsO4)10 · 15H2O), iron oxides, and gypsum (CaSO4 · 2H2O). 
Based on the findings in Johnston (2016), the City of San Diego requested 
that As concentrations be assessed along publicly accessible hiking trails, at 
abandoned mining infrastructure, and the mining site ephemeral drainage pathway. 
The hiking trail and abandoned infrastructure evaluations included soil and dust As 
concentrations and bioaccessiblity experiments, as well as assessing human health 
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risk to City workers and the public. Those results, much of which was conducted by 
students and faculty from the University of San Diego, are included in a report 
prepared by Ninyo & Moore Consultants (2018). Assessment of the Black Mountain 
mining area ephemeral drainage included characterizing As concentrations and 
partitioning in drainage sediment downgradient from mine workings to determine 
controls on As mobility away from the site. In addition, As concentrations in surface 
water runoff was examined during rain events to determine migration of As off-site 
in dissolved phase. Those data are included in Wright and O’Shea (2019) and 




1.3 Review of relevant literature 
Arsenic is widely understood to be highly toxic to humans and has been 
linked to hyperkeratosis, pulmonary disease, and skin, bladder, and lung cancers 
(DHHS, 2007; WHO, 2018). This is problematic as various human As exposure 
pathways exist in the environment including ingestion of As-enriched groundwater, 
incidental ingestion of As-enriched dust, soil, and sediment, inhalation of airborne 
As, and consumption of food grown in As-rich soil (Smedley and Kinniburgh, 2001). 
Additionally, the World Health Organization (2011) identified As as one of three 
chemicals to have a demonstrated, widespread adverse health effects due to human 
exposure to impacted drinking water. Thus, understanding the As mobility and 
transport from historical artisanal mining locations is critical to assessing potential 
risk to human and ecological receptors. 
1.3.1 Artisanal mining 
Artisanal mining is small-scale mining conducted by a few individuals or 
small groups, generally using rudimentary extraction methods such as manual tools 
and simple portable machines (Hilson, 2002). These techniques were common in the 
western United States at hardrock mining operations in the mid- to late-nineteenth 
century through the early twentieth century. Historical artisanal mining operations 
are often characterized by low or non-existent environmental controls. As a result, 
environmental impacts of historic artisanal mining include soil, ground, and surface 
water contamination as well as the possibility of human exposure to the legacy 
contamination left behind. Small-scale mining operations have contributed to stream 
water and sediment Hg contamination in central California’s Bay Area and coastal 
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ranges (Domagalski et al., 2004; Hornberger et al., 1999) and the Brazilian Amazon 
(Veiga and Hinton, 2002), and Galuszka et al. (2015) measured elevated 
concentrations of As, Cr, and Ni in soils around an historical Cu mining district in 
south-central Poland.   
The global scale and environmental impact of abandoned artisanal mines in 
both developed and developing countries is unknown (Venkateswarlu et al., 2016); 
however, the number of abandoned mines within some individual countries and 
regions have been estimated. In the USA, for example, there are an estimated 
500,000 abandoned mine sites (USEPA, 2004) most of which have undergone little 
to no remediation. In New South Wales, Australia, Grant et al. (2002) estimated that 
there are approximately 2,000 abandoned mine sites. Additionally, an estimated 
10,000 abandoned mines exist in Canada (Venkateswarlu et al., 2016). 
Arsenic is commonly found at current and historical mining operations due to 
its association with gold and other metal mineral ores (Henke, 2009). These mining 
operations bring As-bearing rock and minerals to the surface where they are exposed 
to wind, precipitation, and other erosive processes. Exposure may lead to 
mobilization and transport of As from host rock to surrounding environments. As a 
result, environmental impacts of historic mining include soil, ground, and surface 
water contamination as well as the possibility of human exposure to the legacy 
contamination left behind. Contamination can result in rock, soil, and tailings As 
concentrations exceeding 100,000 mg/kg at former mining sites (e.g., Craw et al., 




1.3.2 Arsenic mobility 
The geochemical controls on As mobility can be quite complex because As 
may be partitioned into different fractions in sediment or dissolved into surface 
waters through weathering and erosive processes. Numerous environmental factors 
such as pH, redox potential, presence of organic matter, Fe, Al, bacterial activity, and 
elapsed time influence As partitioning within soil and sediment (Woolson, 1977). 
Arsenic at mining sites is typically hosted in ore as arsenopyrite, with lesser As 
concentrations present in other sulfide-bearing minerals (Basu and Schreiber, 2013; 
Haffert and Craw, 2009; Kim et al., 2012; Salzsauler et al., 2005). Weathering and 
erosion are primary contributing factors to the mobilization of As from exposed 
bedrock. Mining operations can increase the mobilization of geogenic As through 
exposure of rock and tailings as well as ore processing activities (e.g., milling, 
roasting, and leaching) that increase surface area and break down host minerals. 
Commonly, ore processing, weathering, and oxidation of arsenopyrite-hosting rock 
at mine sites may result in smaller particles of the primary mineral, plus secondary 
As mineralization as arsenolite (As4O6) or scorodite, adsorption onto iron oxides and 
oxyhydroxides, and dissolution into ground and surface waters (Basu and Schreiber, 
2013; Haffert and Craw, 2009; Kim et al., 2012). Arsenic that is released from the 
primary mineral and sorbed onto iron oxides and hydroxides frequently pose an 
increased risk of As mobility since transport can be further enhanced by simple 





1.3.3 Arsenic transport 
In addition to the geochemical controls on As mobility, physical mechanisms 
also play a role. Streams, surface water runoff, and wind are all important vehicles of 
surface As transport from former mining sites as As is released to surface waters 
from primary and secondary minerals and winds and surface waters entrain As-
bearing particles. In tropical and temperate climates fluvial transport is an important 
form of As transport downgradient (e.g., Druzbicka and Craw, 2015; Ritchie et al., 
2012), and in semi-arid and arid environments where streambeds are often ephemeral 
and precipitation infrequent, the “flashiness” of desert rains can transport sediment 
far distances.  
Environmental factors associated with arid and semi-arid climatic regions 
including relatively low, infrequent precipitation, slower weathering processes, 
ephemeral streambeds, and sparse vegetation, all impact contaminant transport at 
former mine sites. However, despite these environmental factors, As transport 
distances from historic mine sites in arid and semi-arid regions can be significant. 
For instance, studies by Kim et al. (2012), Sims et al. (2013), and Marmolejo-
Rodrigues et al. (2011) in arid and semi-arid regions have measured As transport 
kilometers away from large historical mining sites via ephemeral streambeds (up to 
10, 6, and 18 km, respectively). Arsenic concentrations in drainage sediment tend to 
decrease with downstream distance from mining sites. Kim et al. (2012) proposed a 
model for downstream changes in As concentration using a series of overlapping 
exponential decay curves. This model suggests that arsenic is transported along 
streams and drainage pathways via a series of discrete “pulses” during infrequent 
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storm events. To the best of our knowledge, As transport from an historic individual, 
artisanal mining site has not been studied.  
In dry climates aeolian transport of fine material, including dust and tailings, 
is also an important mechanism to consider. While wind erosion may affect tailings 
impoundments in all climates, that impact increases with aridity (Blight, 2008). Razo 
et al. (2004) identified two contaminated areas associated with historical mining 
operations in semi-arid San Luis Potosi, Mexico 1) an extensive area with a lower 
level of trace element pollution associated with aeolian transport from tailings 
impoundments; and 2) a more highly contaminated, localized area associated with 
fluvial transport of material from tailings impoundments. Thus, when considering As 
transport from historic artisanal mines in semi-arid and arid regions, both fluvial and 





1.4 Aims of this study 
 This study investigates As geochemistry at the Black Mountain historic 
mining site to better understand contaminant transport and human health risks in 
small-scale, artisanal mines, abandoned with little remediation effort, in a semi-arid 
climatic region subjected to growing urbanization. Specifically, we use the Black 
Mountain site to investigate the following questions:  
(1) How does geochemistry influence As transport, mobility, and risk at an 
historic mining site? 
(2) How do arid and semi-arid environments impact As transport from this, and 
other historical artisanal mining sites? 
(3) What is the effect of urbanization near abandoned artisanal mine sites and 
how does that affect transport and risk to neighboring communities?  
This work presents a first step towards better understanding the influence of climate 
and urbanization on As transport from artisanal mines as well as improving our 
understanding of the environmental legacies and health risks. This work will also 




1.5 Thesis structure 
Research Questions 1, 2, and 3 are presented in Chapter 2, which is written as 
a manuscript for publication. Additional data and analyses were conducted that were 
not included in the manuscript presented in Chapter 2. For long-term record keeping, 
these data are provided in the Appendices of this thesis and comprise the following: 
• Appendix A: Sequential extraction procedure to determine arsenic partitioning 
and extraction solution preparation; 
• Appendix B: Arsenic sequential extraction partitioning results; 
• Appendix C: Evaluation of Black Mountain drainage sediment at depth; 
• Appendix D: Sequential extraction drainage sediment photo log; 
• Appendix E: Arsenic bioaccessibility in Black Mountain drainage sediment; and 
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Chapter 2: Artisanal mining impacts in urbanized semi-arid environments: Lessons 
from historic arsenic mining near San Diego, California 
2.1 Abstract 
Anomalously elevated arsenic concentrations occur at an abandoned artisanal mine site 
in an open space recreational park in urban San Diego County, California. Although 
mining at the site ceased 100 years ago little to no remediation efforts took place 
leaving shafts, adits, waste piles and derelict infrastructure accessible by inquisitive 
hikers and adventurers frequenting Black Mountain Open Space Park. This study 
evaluates the geochemical mechanisms of As transport downgradient from the mine and 
examines the contribution of both climate and urbanization on the restriction of As 
mobility. Sediment As concentrations reach 2,320 mg/kg (483 times background crustal 
concentrations; n=73) along drainage pathways and sequential extraction experiments 
indicate As overwhelmingly partitions into the least mobile phase (mean 83% As in 
residual fraction; n=30). These geochemical results indicate there is little redistribution 
of As from primary minerals into secondary or dissolved phases despite the sediments 
being exposed to a century of weathering. Arsenic transport in dissolved phase does 
occur however, with surface water runoff during peak rain events reporting As up to 
272 µg/L. Both sediment and water As decrease to background concentrations 
approximately 1,000 m from the mines, attributable to the semi-arid climate limiting 
weathering and transport, and the encroaching urbanization limiting further dissolved 
As transport off-site. Similar patterns of As migration downgradient of abandoned 
mines have been measured at other mining sites in arid and semi-arid regions; however, 
off-site As transport at these other sites extended over far greater distances. The Black 
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Mountain site shows it is possible that a combination of geochemical, 
geomorphological, climatic, and urbanization controls can work together to retard the 






Artisanal mining is small-scale mining conducted by a few individuals or small 
groups, generally using rudimentary extraction methods such as manual tools and 
simple portable machines (Hilson, 2002). These techniques were common in the 
western United States at hardrock mining operations in the mid- to late-nineteenth 
century, including during the California Gold Rush where they were imported by 
experienced miners from England, Germany, Mexico, and other parts of the USA 
(Limbaugh, 1998).  
Historical artisanal mining operations are often characterized by minimal or 
non-existent environmental controls. As a result, environmental impacts of historical 
artisanal mining include soil, groundwater, and surface water contamination as well as 
the possibility of human exposure to the contamination left behind. For example, small-
scale gold and mercury mining operations have contributed to stream water and 
sediment contamination in California’s Bay Area and coastal ranges (Domagalski et al., 
2004; Hornberger et al., 1999); Hg contamination is a major consequence of abandoned 
artisanal mines in the Brazilian Amazon (Veiga and Hinton, 2002); and elevated 
concentrations of As, Cr, and Ni in soils around an historic Cu mining district in south-
central Poland, pose a human health risk through exposure to legacy soil and dust 
(Galuszka et al., 2015).   
The global scale of abandoned artisanal mines in both developed and developing 
countries, and their legacy environmental impact, is unknown (Venkateswarlu et al., 
2016). However, the number of abandoned mines within some individual countries and 
regions has been estimated. In the USA, for example, there are an estimated 500,000 
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abandoned mine sites (USEPA, 2004) most of which have undergone little to no 
remediation. In New South Wales, Australia, Grant et al. (2002) estimated that there are 
approximately 2,000 abandoned mine sites. Additionally, an estimated 10,000 
abandoned mines exist in Canada (Venkateswarlu et al., 2016).  
Arsenic is a common contaminant at historical mining operations due to its 
association with gold and other metals and is often found in dust exposed on abandoned 
roasting equipment, or in geochemically transformed minerals within downstream 
media or dissolved in runoff (e.g., Haffert and Craw, 2008 and 2009). Arsenic is widely 
understood to be highly toxic to humans, and has been linked to hyperkeratosis, 
pulmonary disease, and skin, bladder, and lung cancers (DHHS, 2007; WHO, 2018).   
The transport of As in the environment and its associated risk to nearby 
communities is controlled by both the geochemical breakdown of arsenic host minerals 
and mechanisms (e.g., wind, surface water) by which arsenic might then move off-site. 
These controls on As mobility can be quite complex because arsenic may be partitioned 
into different fractions in sediment or dissolved into surface or ground waters through 
weathering and erosive processes. Numerous environmental factors such as pH, redox 
potential, presence of organic matter, Fe, Al, bacterial activity, and elapsed time 
influence As partitioning within soil and sediment (Smedley and Kinniburgh, 2002; 
Woolson, 1977). Many studies have been conducted on arsenic mobility at mine sites 
(e.g., Basu and Schreiber, 2013; Haffert and Craw, 2009; Kim et al., 2012) but these 
studies typically occur at mines that are larger in size and scope than typical artisanal 
mine sites, and fewer studies have examined the influence of semi-arid to arid climate 
on legacy contamination.  
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Historical mines in semi-arid regions, including many of the estimated 50,000 in 
California (Dept. of Conservation, 2016), pose different risks than those in temperate 
and tropical regions. Environmental factors associated with arid and semi-arid climatic 
regions including relatively low, infrequent precipitation, slower weathering processes, 
ephemeral streambeds, and sparse vegetation, all impact contaminant transport at 
former mine sites. Despite infrequent runoff, studies by Kim et al. (2012), Sims et al. 
(2013), and Marmolejo-Rodrigues et al. (2011) in arid and semi-arid regions have 
measured As transport kilometers away from large historical mining sites, via 
ephemeral streambeds. Mining operations at these sites occurred over periods of 
decades to more than a century, and included multiple large tailings piles with volumes 
up to 35,000 m3; such as at Kelly Mine in the Mojave Desert (Kim et al., 2012). 
However, many smaller scale and shorter-lived artisanal mine sites are located 
throughout the Colorado and Great Basin Deserts and California, frequently appearing 
to the untrained eye as caves, with shallow shafts and small piles of waste rock nearby, 
unassuming and often now covered in several decades-worth of vegetation. Numerous 
such artisanal mines occur near urbanized areas in San Diego County and the nearby 
Peninsular Ranges (USGS, 2021).  
The Black Mountain historic mining site is an abandoned small-scale, artisanal 
mining site within an Open Space Recreational Park in semi-arid San Diego County. 
Previous studies (Johnston, 2016) measured approximately 300,000 mg/kg As hosted in 
the primary minerals arsenopyrite and arsenian pyrite (FeS2) in the remaining vein 
exposures inside the park. Arsenic mobility and partitioning in Black Mountain 
sediment, and implications for transport and risk to the surrounding urbanized 
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environment, are unknown. While many of the studies cited in this text target sizeable 
mining operations or a group of mines, to the best of our knowledge, As transport from 
an individual historical small-scale artisanal mining site has not been studied. 
This study investigates As geochemistry at the Black Mountain historic mining 
site to better understand contaminant transport and human health risks in small-scale, 
artisanal mines, abandoned with little remediation effort, and often now located close to 
urbanized areas. Specifically, we use the Black Mountain site to determine: (1) how 
geochemistry influences As transport, mobility, and risk at an historic mining site, (2) 
how arid and semi-arid environments impact As transport from this, and other historical 
artisanal mining sites, and (3) what effect urbanization may have near abandoned 
artisanal mine sites and their potential risk to neighboring communities. This work 
presents a first step towards better understanding the influence of climate and 
urbanization on legacy contaminant transport from artisanal mines as well as improving 
our understanding of the possible health risks to those using the sites today. This work 
will also help inform, design, and prepare remediation techniques at this site and others 
like it.  
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2.3 Study Area 
Black Mountain Open Space Park is located in the Rancho Peñasquitos area 40 
km north of San Diego and consists of vegetated hills (chaparral and sage), canyons, 
and open ridges accessible by hiking and biking trails (Figure 2.1). Dry, easterly winds 
are predominant in the autumn (September and October) and frequently result in hot 
days reaching temperatures into the mid-30 degrees Celsius, with low relative humidity 
levels that often drop below 20% and sometimes below 10% (NOAA, 2004). Rainfall at 
Black Mountain averages 38 cm per water year (DPLU, 2004) and occurs mostly in the 
cooler winter months subjecting Black Mountain to a characteristic semi-arid 
Mediterranean-style climate. 
Black Mountain is part of the Santiago Peak Volcanic (SPV) arc, an early 
Cretaceous (approximately 130-120 million years old) volcanic arc comprising the 
westernmost edge of the Peninsular Ranges Batholith (Herzig and Kimbrough, 2014). 
Field mapping by Johnston (2016) used mineralogic data to identify rocks of rhyolitic 
and dacitic composition in the vicinity of the Black Mountain artisanal mine site. The 
north-facing side of the mountain hosts a small-scale artisanal As mining operation, 
which was active in the 1920s and 30s. The primary mining area is located within a 
canyon adjacent to an ephemeral drainage pathway. Infrequent surface water runoff at 
the Black Mountain mining site flows north via ephemeral drainage pathways to 
Lusardi Creek, connecting to the San Dieguito River, and eventually discharging to the 
Pacific Ocean (Figure 2.1). The remnants of the mining operations were abandoned in-
place and although are sometimes difficult to find, they comprise three adits, five open 
test pits, roasting equipment, a crushing plant, three cyanide leaching vats, a 55 m 
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concrete flue, waste rock, tailings piles, and process waste. Two 12 m shafts were noted 
in historical documentation (ASM, 2007) but have been in-filled. An estimated 1 to 2 
tons of ore were roasted and processed on-site (Weber et al., 1963). Other than hiking 
trail maintenance, Black Mountain has undergone no subsequent development, and the 
former mining operations have not undergone any remediation or restoration activities. 
Subsequent to cessation of historical mining operations, significant development has 
occurred around Black Mountain Open Space Park. The park is currently 952 hectares 
in area and although surrounding areas are undergoing rapid development and 
suburbanization, the City of San Diego see expansion of the Park as a possibility (City 





Figure 2.1. Aerial photograph of Black Mountain Open Space Park and surrounding 
area. Dotted line shows study area. Inset shows the location of study area in the 




2.4 Materials and methods 
2.4.1 Sample collection 
A total of 73 sediment samples were collected from locations along the Black 
Mountain ephemeral drainage. Sediment samples were collected approximately every 5 
m ranging from 130 m upstream from the mining-influenced drainage to 1,050 m 
downstream from the primary mining area (Figure 2.2) at a depth interval of 0 to 5 cm. 
Black Mountain drainage sediment is typically thin (0 to 10 cm). However, deeper 
sediment (up to 100 cm) are present within the drainage pathway immediately upstream 
from a hiking trail crossing due to drainage modifications creating a partially blocked 
culvert. Surface water in this area is directed to a single corrugated pipe which reduces 
flow and creates a ponding and sedimentation area. Sediment sample locations were 
spatially grouped into six drainage reaches, identified based on differing geomorphic 
and sediment characteristics such as channel slope, width, and sediment thickness, and 
locations of man-made drainage modifications (Figure 2.2).  
During rain events, aqueous runoff samples were collected at 11 sites to 
determine As mobility in “flashy” storm water runoff. Sample collection occurred 
during each of the three runoff-producing rain events during the 2016-17 rainy season 
(approximately October through April). Sample locations were distributed along the 
Black Mountain drainage pathway upstream of the historic mining area to 
approximately 3 km downstream of the mining area. Although originally planned, 
samples were not collected during the 2017-18 or 2018-19 rainy seasons due to 
insufficient precipitation, indicating the semi-arid nature of the site. Runoff was 
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collected in new or acid-washed (10% nitric acid) polyethylene containers and 
refrigerated until analysis.  
 
Figure 2.2. Black Mountain ephemeral drainage and sediment sample locations. 
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 2.4.2 Sample preparation 
Sediment samples (n = 73) were air dried, sieved and mixed to remove bulk rock 
and organic debris and increase homogenization. Thirty samples were selected for 
sequential extraction analysis. These samples were selected from each of the drainage 
reaches with an approximate interval of 50 m and at a higher density in the 
Sedimentation Area (see Figure 2.2).  
Surface water runoff samples (n = 16) were immediately delivered to 
Enviromatrix Analytical (EMA) laboratories, or refrigerated and delivered within 8 
hours of collection, where they were preserved (refrigeration, 0.45 micron filtration, 
nitric acid) until analysis. 
 2.4.3 Total metals in Black Mountain sediment 
Drainage sediment was analyzed for total metals (As, Cu, Pb, and Zn) by an 
Innov-X-5000 X-ray Fluorescence (XRF) at the University of San Diego. Quality 
assurance was assessed by routine analysis of duplicate, blanks, and certified reference 
materials for every 10 samples analyzed.  As is common at former mining sites, 
heterogeneity was encountered in split duplicate samples, resulting in a Relative 
Standard Deviation (RSD) as low as 0.2% and as high as 31%; the latter reflecting the 
disturbed nature of the mining material. To ensure data reliability, the instrument was 
calibrated by reference to a factory-standardized calibration disc, and both NIST 2710a 
Montana I Soil and NIST 2711a Montana II Soil were routinely analyzed. The resulting 
Relative Percent Difference (RPD) calculations ranged from 0.2 to 8%. Copper and Pb 
were detected in one SiO2 blank analysis, and Zn was regularly detected in the SiO2 
blank; however, all detected concentrations were low, approximately equal to the XRF 
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detection limit (5 mg/kg) so a blank correction was not applied. Arsenic was not 
detected in the SiO2 blank analysis.  
An additional measure to show geogenic enrichment of metals used by Goa and 
Li (2012) and O’Shea et al. (2016) is the Müller (1969) geoaccumulation index (GI), 
GI = log2(Cn/(1.5Bn)) 
using measured sample metal concentration (Cn), average crustal concentration (Bn), 
and a factor (1.5) accounting for lithologic heterogeneity. In this study, the average 
crustal concentration was determined by averaging concentrations of each metal in the 
five upstream sediment samples designated to represent background concentrations at 
the site (presented as “Mean Background (n=5)” in Table 2.2). A pollution scale 
provided by Müller (1969) indicates that samples with a GI < 1 are considered 
unpolluted, a GI between 1-3 is generally considered moderately polluted, while a GI > 
4 indicates sediments are strongly polluted.   
2.4.4 Arsenic sequential extraction procedure on drainage sediment 
Sequential extraction is a technique to determine how As is partitioned in 
different phases (or fractions) within a sediment or rock. Understanding As partitioning 
within the sediment helps to assess mobility, the potential for downstream transport, and 
can provide valuable information for future risk assessment and remedial efforts. This 
study used a modified sequential extraction method described by Turpeinen et al. 
(1999).  
The modified sequential extraction procedure (Table 2.1) was used to determine 
As concentration in five different fractions for 30 drainage sediment samples. Arsenic 
was targeted in four fractions using a chemical extractant: (1) exchangeable fraction, (2) 
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easily reducible metal oxide bound fraction, (3) organic matter bound fraction, and (4) 
crystalline iron and aluminum oxide bound fraction. Arsenic concentration in the 
extracted liquid was analyzed by EMA following USEPA Method 6010. Sediment As 
concentration for each fraction was calculated using the measured As concentration in 
the extracted liquid. The As concentration in the fifth (residual) fraction was calculated 
based on the result of the total As concentration as determined by XRF and by 
subtracting the concentrations for each of the prior fractions. Extractions were 
conducted on three duplicate samples for data quality assurance. Calculated RSD’s were 
typically less than 5% with higher RSD’s (12-43%) only occurring where As 




Table 2.1. Sequential extraction procedure used to determine As partitioning in 
sediments. 
Fraction Extraction Procedure* 
Exchangeable 1 M MgCl2 (25 ml; pH 7); shake 4 h at 25°C 
Easily reducible 
metal oxides 
0.1 M NH2OH.HCl (10 ml) + <11 M HNO3 (15 ml); shake 0.5 h at 
25°C 
Organic matter <12 M HNO3 (22.5 ml) + 30% H2O2 (2.5 ml); 2 h at 85°C; 3 M 
NH4Ac + 25% HNO3 (1.5 ml; pH 2.5); 5 h at 85°C + 0.5 h at 25°C  
Crystalline Fe- 
and Al-Ox 
0.175 M (NH4)2C2O4 (12.5 ml) + 0.1 M C2H2O4 (12.5 ml); pH 
3.25; 0.5 h at 95°C 
Residual Calculated by subtracting the concentrations of each of the above 
four fractions from the total As concentration as determined by 
XRF. 





2.4.5 Arsenic in surface water runoff 
Surface water runoff samples (n = 16) were analyzed for total As at EMA 
following USEPA Method 200.8. Laboratory quality control included blanks, 
duplicates, a control sample, and matrix spike analysis. All quality control samples 
resulted in reported RPD’s of <5% and had a percent recovery within 85-115%, except 
one duplicate where both the primary and duplicate As concentrations were below the 




2.5.1 Total metals in downgradient surface sediments  
Five sediments sampled in the undisturbed drainage pathway immediately 
upgradient of the two adits and waste piles are used to represent background. Copper 
and Pb background concentrations at Black Mountain closely approximate averages in 
the crust (Table 2.2), Zn is about 1.5 times higher at Black Mountain, and background 
As concentrations are four times higher than Rudnick and Gao’s (2003) expected 
concentrations in the crust.  The remaining metal concentrations in the surface 
sediments downgradient of mine workings are compared to these Black Mountain 
background sediment concentrations to show where metal enrichment occurs (Table 
2.2).  
Arsenic is the most elevated of the four metals and frequently reports 
concentrations one (sometimes two) orders of magnitude higher than the concentrations 
of Cu, Pb, and Zn. The maximum As reported is in sediment sampled immediately 
downgradient of the two adits at 2,320 mg/kg As. This concentration is 483 times 
greater than the average crustal abundance of As and 122 times greater than the average 
As reported for background sediments sampled just a few tens of meters away. There 
appears to be no distinct correlation between the elevated As concentrations and the 
other metals, shown by their low r2 values of 0.108, 0.002, and 0.006 for Cu, Pb, and 
Zn, respectively. For example, the most elevated sediment As concentration reported in 
BMD-08 reports Cu, Pb, and Zn concentrations all within just a few mg/kg of their 
average background or crustal abundances. This lack of co-enrichment can also be 
observed in BMD-39, which reports the highest Pb (199 mg/kg) yet only 76 mg/kg As 
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in the same sediment compared to a mean As of 153 ± 67 mg/kg for other sediments in 
the Arsenic Spring drainage reach. Similarly, the most elevated Zn in the surface 
sediments (108 mg/kg Zn at BMD-55) reports a relatively low 147 mg/kg As when 
upgradient sediments report As in several hundreds of mg/kg. Copper, although 
reported at times above the average background concentrations is not routinely 
enriched, with average Cu concentrations for each stretch of the drainage pathway 
typically reported close to, and frequently less than, the mean of 23 ± 2 mg/kg detected 
in background sediments. Thus, arsenic is commonly strongly enriched in the drainage 
sediments downgradient of the mines, Pb and Zn are infrequently elevated above 
background, and Cu is not enriched at all.  
Sediment samples are grouped into sections of the drainage pathway (Figure 
2.2) to determine variation in metal concentration with increasing distance from the 
historic mining area. The box and whisker plots for Cu, Pb, and Zn (Figure 2.3) do not 
show distinct decreasing concentrations with increasing distance from the mine, and 
boxes frequently overlap with the background concentrations.  
This pattern is further observed when concentrations of all four metals are 
presented as geoaccumulation indices (Figure 2.4). Apart from a few anomalous Pb 
sediment concentrations, generally Pb, Cu, and Zn are determined by the Müller (1969) 
classification to be unpolluted, in stark contrast to sediment As concentrations which 
are strongly polluted (GI > 4). Arsenic concentrations in sediments steadily decrease 
with increasing distance from the mining adits, with average As concentrations for each 
section of the drainage reach reported at 680, 153, 79, 93, and 37 mg/kg As (data from 
Table 2.2). Arsenic concentrations are well above background throughout the drainage 
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reach until one reaches the Residential Constructed area (a new housing development 
approximately 1,000 m from the mining area) where sediment concentrations begin to 




Figure 2.3. Box-whisker plots for Cu, Pb, and Zn in drainage sediments. The first box 
represents background sediment concentrations upgradient of the mines and serves as a 
reference to compare metal concentration trends downgradient of the mines. Note the different 





Figure 2.4. Geoaccumulation Indices with increasing distance from the mine. A 
measured concentration that is the same as the background concentration will yield a GI 
of -0.6 represented by the horizontal line. GI's within +/-1 are categorized as not 
polluted and fall within the grey shaded area. A GI > 4 was determined by Müller 




Table 2.2. Total metal concentrations in surface sediment at Black Mountain within 
the vicinity of the historic mining, organized by drainage reach. Bold indicates a 
downstream result exceeding the mean background concentration. Drainage reaches 
are displayed on Figure 2.2. 
Sample ID / Description As (mg/kg) Cu (mg/kg) Pb (mg/kg) Zn (mg/kg) 
Average in upper crust* 4.8 28 17 47 
Mean background (n = 5) 19 23 23 71 
     
Background drainage reach (n=5) 
BMD-01 19 22 30 65 
BMD-02 17 22 15 66 
BMD-03 17 22 16 71 
BMD-04 20 20 24 77 
BMD-05 22 26 28 75 
Immediately Downstream drainage reach (n=25) 
BMD-08 2320 33 27 74 
BMD-09 970 20 19 66 
BMD-10 1038 28 21 71 
BMD-11 751 21 13 66 
BMD-12 711 24 23 76 
BMD-13 983 23 16 68 
BMD-14 1274 22 17 58 
BMD-16 531 23 16 65 
BMD-17 650 19 13 65 
BMD-18 1301 31 43 71 
BMD-19 519 27 28 78 
BMD-21 624 22 89 59 
BMD-22 267 19 29 65 
BMD-23 357 25 43 74 
BMD-24 407 19 16 50 
BMD-25 628 16 20 59 
BMD-26 439 16 25 52 
BMD-27 349 25 41 78 
BMD-28 264 25 16 75 
BMD-30 628 20 23 70 
BMD-32 161 33 82 102 
BMD-34 358 20 18 71 
BMD-35 312 30 29 81 
BMD-36 588 28 29 79 
BMD-37 557 30 46 105 
Arsenic Spring drainage reach (n=15) 
BMD-38 130 25 17 84 
BMD-39 76 28 199 87 
BMD-41 176 22 17 79 
BMD-42 122 27 21 70 
BMD-44 260 24 21 74 
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BMD-45 169 22 16 82 
BMD-46 242 20 22 76 
BMD-47 278 26 17 73 
BMD-48 91 25 42 76 
BMD-49 141 20 14 79 
BMD-50 201 23 18 84 
BMD-51 70 30 35 97 
BMD-52 54 21 21 80 
BMD-53 132 16 14 59 
BMD-54 149 17 19 80 
Sedimentation Area drainage reach (n=8) 
BMD-55 147 27 23 108 
BMD-56 173 21 17 79 
BMD-57 35 17 17 66 
BMD-58 48 17 22 69 
BMD-59 54 17 15 66 
BMD-60 32 10 13 56 
BMD-61 83 13 23 62 
BMD-62 61 21 22 73 
Trail Crossing drainage reach (n=8) 
BMD-63 300 19 12 66 
BMD-64 21 12 13 44 
BMD-65 124 21 15 64 
BMD-66 53 15 9 58 
BMD-67 41 15 15 68 
BMD-68 55 25 13 63 
BMD-69 111 29 18 73 
BMD-70 36 12 12 54 
Residential Constructed drainage reach (n=12) 
BMD-71 55 22 28 76 
BMD-72 38 13 21 59 
BMD-73 24 27 16 70 
BMD-74 48 20 18 73 
BMD-75 51 23 21 75 
BMD-76 25 23 15 73 
BMD-77 28 22 14 77 
BMD-78 27 24 14 71 
BMD-79 31 23 18 77 
BMD-80 38 28 19 79 
BMD-82 55 20 18 76 
BMD-83 15 19 8 72 





2.5.2 Further Arsenic Characterization at Black Mountain 
2.5.2.1 Arsenic partitioning in drainage sediments 
Thirty samples with total As concentrations ranging from 28 - 2,320 mg/kg 
(median 73.5 mg/kg As) were subjected to the sequential extraction procedure to 
determine As partitioning among fractions in the drainage sediments (Table 2.3; Figure 
2.5). Overall, the majority of As is partitioned into the residual fraction (mean 84% As), 
with appreciable proportions partitioning into the increasingly more mobile phases 
(mean 10% As in crystalline Fe-Al-oxides; mean 6% As in oxidizable fraction). The 
most mobile phases- the easily exchangeable and easily reducible fractions- do not 
report any As partitioned into those fractions until approximately 500 m downgradient 
of the mines. Even then, the percent of the total As partitioned into these more mobile 




Table 2.3. Arsenic partitioning (%) and total As for Black Mountain drainage sediments (n=30). 
Drainage 




















Background BMD-01 <1 <1 3.7 4.7 91.6 19.0 
Immediately 
Downstream BMD-08 <1 <1 2.4 30.1 67.0 2320 
 BMD-17 <1 <1 <1 18.2 80.9 650 
 BMD-21 <1 <1 1.3 16.8 81.5 624 
 BMD-30 <1 <1 <1 7.9 91.3 628 
Arsenic 
Spring BMD-38 <1 <1 4.2 5.9 88.6 130 
 BMD-45 <1 <1 <1 8.7 91.3 169 
 BMD-50 <1 <1 <1 5.4 94.1 201 
Sed. Area BMD-55_0-5 <1 <1 4.9 7.0 87.8 147 
 BMD-55_10-15 <1 <1 <1 7.7 91.3 190 
 BMD-56_0-5 <1 <1 <1 6.5 93.2 173 
 BMD-56_10-15 1.1 <1 9.0 8.8 81.1 52 
 BMD-57_0-5 <1 <1 16.3 10.6 73.1 35 
 BMD-57_10-15 <1 <1 4.8 8.0 87.2 55 
 BMD-58_0-5 <1 <1 14.3 9.2 75.7 58 
 BMD-58_25-30 <1 <1 2.1 7.8 90.2 64 
 BMD-59_0-5 <1 <1 5.1 10.0 84.9 54 
 BMD-59_25-30 <1 <1 10.6 7.2 82.2 28 
 BMD-61_0-5 1.3 1.9 41.2 8.1 47.5 83 
 BMD-61_10-15 <1 1.0 21.2 11.2 65.7 94 
 BMD-61_45-50 <1 1.1 1.1 11.2 86.7 47 
 BMD-61_95-
100 <1 1.7 11.7 10.5 76.1 36 
Trail 
Crossing BMD-63 <1 <1 1.2 24.3 73.9 300 
 BMD-65 <1 <1 1.5 8.5 89.2 124 
 BMD-69 <1 <1 3.6 3.8 92.0 111 
Residential 
Constructed BMD-71 2.1 2.0 29.8 6.3 59.8 55 
 BMD-74 <1 <1 2.7 5.1 92.2 48 
 BMD-77 <1 2.3 1.8 7.6 88.4 28 
 BMD-79 <1 1.6 3.4 10.1 84.9 31 




2.5.2.2 Total arsenic in drainage surface water runoff during storm events 
Sampling runoff water flowing down the drainage reaches was desirable during 
multiple storm events, however, sufficient flow is only maintained throughout the 
drainage pathway after multiple rainfall events. Despite having studied this site for 
several years prior to January 2017 the authors had not observed any flow down the 
drainage reach until a wetter than average year occurred in the Winter-Spring of 2017. 
At this time, three storm events created flow in various sections of the drainage and 
water samples were collected to obtain information about the degree of As occurrence 
in surface waters encountering the enriched As-sediments. Figure 2.6 shows As 
concentrations reported in waters at different positions in time and drainage location, 
and Table 2.4 summarizes all the water samples collected upgradient and downgradient 
of the historic mine workings. In general, samples of stormwater collected within the 
drainage pathway upgradient of the mine workings report less than 2 µg/L As, which is 
significantly different (p<0.02) from samples collected downgradient of the mine 
workings where concentrations are often detected in the several hundreds of µg/L As 
immediately downstream of the mines. Dissolved As typically decreases an order of 
magnitude when the drainage flattens out after the Trail Crossing and into the Culvert, 
where surface waters from other constructed drains enter the culvert. A sample 
collected from a bridge more than 2,000 m downgradient of the mine workings, outside 
of the Park, and within the urbanized area was reported at 5 µg/L As, which is low, but 
is five times more than the average As reported in drainage waters immediately 




Figure 2.5. As partitioning into five fractions (exchangeable, reducible, oxidizable, 
crystalline Fe-Al-oxides, and residual) for sediments (n=30) downgradient of the mine 
workings. Median is indicated by a horizontal line within each box and the mean is 
marked by an x. Outliers more than 1.5 times the interquartile range are indicated by 




Table 2.4. Total As concentrations in surface water runoff through 
sediment drainage areas. Sample locations are shown on Figure 2.6. 
Sample ID As (µg/L) 
Upstream from Black Mountain mining areas (n=6) 
Fern Zone 02 0.1 
Canyon Head 02 0.2 
Ranga 02 1.0 
Koala Upstream 02 2.0 
Waterfall 01 1.0 
Waterfall 05 1.0 
Mean +/- Std Dev 0.9 +/- 0.6 
Range 0.1-2 
  
Downstream from Black Mountain mining areas (n=10) 
Koala Downstream 02 48 
Koala Downstream 05 174 
Downstream Varve 05 272 
Arsenic Spring 01 123 
Arsenic Spring 05 166 
Trail Crossing 06 29 
Culvert 04 17 
Culvert 05 10 
Culvert 06 26 
Bridge 06 5.0 










2.6.1 Metal occurrence at Black Mountain: An unusual arsenic enrichment 
 The sediments downgradient of former artisanal mining at Black Mountain 
reach elevated concentrations (maximum 2,320 mg/kg As), which are not unusual 
concentrations for disturbed mining zones but are notable for drainage sediments near to 
former mining areas. For example, while tailings can contain concentrations of As in 
the tens of thousands of mg/kg (e.g., de Souza Neto et al. [2020] report up to 10,000 
mg/kg As in tailings at a gold mine in the Eastern Amazon), sediments draining 
disturbed mining areas tend to exhibit lower concentrations, with a recent study in 
Colombia reporting up to 484 mg/kg As in stream sediments downgradient of gold 
mining areas (Alonso et al., 2020). The highest metal concentration measured by USD 
researchers, in any rock or sediment at Black Mountain actually found arsenic 
concentrations at almost 48% in some existing mineralized rocks (Johnston, 2016). For 
context, average concentrations of arsenic in most rocks is <5 mg/kg (Rudnick and Gao, 
2003), and the greatest concentrations we have found reported by others at similar 
abandoned mine sites is at the Prohibition Mill in New Zealand, which has up to 30% 
As and was described as potentially hosting the highest As concentrations in New 
Zealand (Haffert and Craw, 2009).  
 In addition to being an ultra-enriched As site, the geochemistry at Black 
Mountain is intriguing given that the same degree of enrichment from other metals (Cu, 
Pb, Zn) does not co-occur with As enrichment. Arsenic-dominant ores are rare, as As is 
typically found associated with other metals and it is frequently the other metals that are 
targeted during mining (e.g., gold in New Zealand (Blake et al., 2019); polymetallic 
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ores in Cornwall (Camm et al., 2004)). In these mineralized settings, arsenic is 
commonly found associated with iron-sulfide accessory minerals like arsenopyrite and 
arsenian pyrite co-occurring with other metal-rich sulfides or in gold lode deposits, such 
as the gold found in the Sierra Nevada mountains of California (Alpers, 2017).  
Although not the major focus of this study, the provenance of ultra-enriched As 
in such volcanic rocks as those found at Black Mountain was addressed in preliminary 
work by Johnston (2016) and bears comment here. In volcanic arcs such as the SPV, 
magmatic fluids like vapours and hypersaline liquids can become enriched in metals 
derived from a number of different sources like subducting oceanic crusts and leaching 
of rocks (Hedenquist and Lowernstern, 1994). Given the geologic setting of Black 
Mountain, it is likely the As enrichment occurred due to processes associated with 
volcanic arc magmas, although the lack of other metal enrichment remains an anomaly. 
Early work on the association of As with arc magmas by Hattori et al. (2005) proposed 
a mechanism for highly soluble elements like As to be transferred from subducting 
slabs to arc magmas just like the magmas that formed the rocks of the SPV. More recent 
work by Herzig and Kimbrough (2014) on the SPV rocks like those at Black Mountain 
present isotopic data indicating continental crust assimilation into SPV arc magmas, and 
Mukherjee et al. (2019), recently proposed that continental arc volcanics tend to have 
higher As than their ocean-ocean subduction zone equivalents, which may help explain 
the As-enrichment at Black Mountain. The developing field of As-tectonic source 
provenance has implications for modern day As-groundwater occurrences (Mukherjee 
et al., 2014; Saunders et al., 2005; Zheng, 2007) and as such, the As enrichment 
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occurring at Black Mountain may provide a suitable study area for which to advance 
these evolving hypotheses.  
2.6.2 Geochemical controls on arsenic mobility in sediments  
 Such ultra-enrichment of As, with drainage sediment concentrations in the 103 
mg/kg range, generated immediate concern regarding the potential for extremely 
elevated As to be mobilized at the site, as well as the possibility of a high risk to 
humans that may encounter the material. To better understand this potential risk, 
sequential extraction procedures were performed to investigate the propensity for As to 
be released from primary minerals and redistributed into more mobile secondary As 
phases. Although there are limitations to interpreting sequential extraction data 
(Gleyzes et al., 2002; La Force et al., 2000; Tessier et al., 1979), As partitioning is 
important because it is associated with As mobility and can provide a first step towards 
understanding risk generated by the sediments transported away from the abandoned 
mine site.  
Johnston (2016) previously used both XRD and SEM to identify multiple As-
mineral hosts in rocks from the Black Mountain artisanal mine site, and found both 
arsenopyrite (FeAsS) and scorodite (FeAsO4). Assuming these minerals also reside in 
the sediments draining the area, As hosted by FeAsS would be targeted by the residual 
fraction and As in FeAsO4 in the crystalline Fe- and Al-oxide fractions of the sequential 
extraction procedure (Mensah et al., 2020; Turpeinen et al., 1999), respectively. Figure 
2.5 and Table 2.3 show a clear As-associated dominance with these two fractions close 
to the mines, supporting the evidence that As is locally hosted in these fairly immobile 
sediment fractions.  
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Downgradient from the mines, some redistribution of As into more mobile 
phases was observed in the oxidizable fraction of sediments sampled in the 
Sedimentation Area (BMD-55 through BMD-61; Table 2.3; Figure 2.2). The mean 
percent As partitioned into the oxidizable fraction for these samples is 7.8% (median 
5.1%) although their average total As (80 mg/kg) is lower than the concentrations 
reported upgradient. The presence of As in the oxidizable fraction in this location within 
the Sedimentation Area may be due to the collection of large quantities of easily 
oxidizable organic debris, which was also observed within a densely vegetated reach of 
the constructed drainage (BMD-71) where As in the oxidizable fraction represented a 
notable 29.8% of the 55 mg/kg total As in that location.  
In terms of geochemical mobility, As in the drainage sediments at Black 
Mountain typically occurs in less mobile residual fractions of the sediment indicating 
little redistribution of As from primary host minerals, or low mobility from secondary 
minerals. This is in contrast to other mines where As tends to be associated with more 
mobile secondary mineral phases. For example, Basu and Schreiber (2013) using a 
similar sequential extraction procedure, found that As in sediment and mine tailings at 
the Brinton Arsenic Mine in Virginia, where arsenopyrite ore was extracted from a 
quartz sericite schist, was more abundantly associated with the crystalline Fe- and Al-
Ox fraction (mean As=66%; n=17) rather than the residual fraction. Similarly, Fazle 
Bari et al. (2020) used sequential extraction procedures in soils of three Australian 
mines to show that As was strongly bound to crystalline and amorphous Fe phases, 
where the primary source minerals were also identified as FeAsS and FeAsO4, in 
addition to a ferric arsenite mineral. Black Mountain thus presents a site with ultra-
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enriched As that is preferentially retained in the less mobile residual fraction, which is 
different to what is observed at many other As impacted mine sites (e.g., Larios et al., 
2012; Mensah et al., 2020). 
2.6.3 Arid climate limits arsenic mobility and risk 
One possibility for the retention of As in the residual phase is that Black 
Mountain receives little annual rainfall and thus presents a slow chemical reaction 
environment. The results of a kinetic study on the oxidation of FeAsS by Yunmei et al. 
(2004) implies that in nature, the interaction of meteoric waters causes FeAsS to break 
down rapidly releasing As. The formation of secondary minerals (like FeAsO4) is 
influenced by aqueous geochemical conditions (e.g., pH, pE) but also the progressive 
oxidation of mine wastes is often reflected by age of the mines (Fillippi et al., 2015). 
Conditions at Black Mountain provide the arsenopyrite ore and age of exposure 
(approximately 100 years since mining ceased), however, weathering into secondary 
mineral assemblages is restricted by lack of aqueous geochemical transformation. 
Specifically, the semi-arid climate experienced at Black Mountain results in low 
average rainfall (<30 cm/y) which limits the transformation of primary FeAsS to more 
mobile phases. 
When it does rain at Black Mountain, rapid geochemical reactions take place as 
evidenced by the notable concentrations of As observed in stormwater during rainfall 
events.  Measurable As was detected in surface water flowing within the drainage 
pathway during storm events (Table 2.4), supporting some mobility from As mineral 
phases into dissolved solution even under quick reaction and short water-rock contact 
times. An interesting observation was made by chance at Black Mountain, when an 
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unusually heavy rainfall occurred on 17 February 2017 and samples were collected 
during the first-flush period of the rain event just as the ground became saturated 
enough for water to begin flowing at the surface. It was observed that stormwater flow 
migrates into the sub-surface adjacent to the two northern mine adits (Koala and Hobbit 
Hole; Figure 2.2). Ground surface in the canyon at those adits is largely composed of 
unconsolidated waste rock and overlying soils. During heavy rains, surface water flow 
infiltrates this material approximately 60 meters up-drainage from the adits, travels 
underground through the disturbed waste allowing water-rock interaction, and daylights 
approximately 50 meters down-drainage. It should be noted that the largest increase in 
stormwater arsenic concentrations was observed between these two points, with As 
increasing from a mere 1 µg/L upgradient of the subsurface flow to a notable 174 µg/L 
immediately where flow daylights into the surface drainage pathway, indicating that 
water-rock interaction occurring along this 110m stretch of drainage is sufficient to 
elevate aqueous As concentrations within minutes to hours of contact with the 
unconsolidated waste rock. The range of concentrations and even sampling dates 
(Figure 2.6) indicate that surface water flow and degree of As water-rock interaction is 
highly variable in both time and space. Rainstorms that generate sufficient precipitation 
and volume of surface flow at Black Mountain happen infrequently in San Diego, such 
that the semi-arid climate assists in maintaining slow geochemical transformation from 
residual As minerals to more mobile secondary phases, as is supported by both the 
sequential extraction results (Figure 2.5) and the rapid decrease of As in drainage 
sediments (Figure 2.4) supporting the hypothesis that contaminated sediment 
transported fluvially doesn’t travel far from the mine site.  
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However, it must be emphasized that the rapid release of As into aqueous phase 
observed from short water-rock times during these rare rain events indicates that any 
groundwater encountering mineralized or previously disturbed mining zones is likely to 
be impacted by elevated aqueous As. Yunmei et al. (2004) proposed that the oxidation 
of FeAsS exposed from mining activities is the principal cause of pollution of 
groundwaters by As(III) in close vicinity to mining. If anecdotal evidence at Black 
Mountain is to be believed, there exists a spring at the base of the drainage canyon 
(Arsenic Spring in Figure 2.6) that is reported to have poisoned cattle that drank from it 
during wetter times, when flow from the spring occurred. This would support the 
hypothesis that As can be released quickly via water-rock interaction during wetter 
periods.  
One benefit from reduced geochemical transformation due to restricted water-
rock interaction is that human and ecological As risk may be reduced. Bioaccessibility, 
defined as the solubility of As within the human gastrointestinal tract, can be affected 
by the relative proportion of As partitioning in sediments. Several studies (Meunier et 
al., 2010; Smith et al., 2008) have found that As associated with the residual and 
crystalline oxide phases have low bioacessibility, whereas As associated with the 
amorphous iron oxyhydroxides were strongly correlated with, and of the same order of 
magnitude as the bioaccessible As concentrations (Palumbo-Roe et al., 2015). Given 
that the majority of As at Black Mountain partitions in the residual and crystalline oxide 
phases, bioaccessibility of As is predicted to be low, which may be good news for 




2.6.4 Geomorphology and urbanization limits arsenic transport  
Since cessation of mining activities at Black Mountain (approximately 100 years 
ago), As impacts have remained localized with concentrations generally less than 100 
mg/kg in sediments located further than 500 m downstream. During this time only 
minimal modifications have been made to the Black Mountain drainage and it largely 
remains a natural system. This lack of modification to the natural drainage works in 
favor of restricting As-sediment transport great distances and acts to naturally dilute 
surface waters further downstream. For example, the rapid decrease in surface water 
runoff As concentration (Figure 2.6) appears to be primarily due to a dilution effect as 
the runoff As concentration decreases with an increase in rainfall catchment area 
(Figure 27) when tributaries enter the main trunk of the stream bringing As-free water 
from side canyons (see Figure 2.6, Arsenic Spring, where a side tributary enters the 
main trunk stream to dilute As waters coming from the adits). The natural 
geomorphology thus aids in diluting As-high surface waters and contributes to lowering 
the dissolved As concentration to safe levels approximately 1 km downgradient. 
Paradoxically, the presence of concrete culverts (Figure 2.6 Culvert) draining paved 
surfaces within the nearby housing development brings additional dilute storm water 
into the main trunk stream. Recent and ongoing urbanization is close to encroaching 
upon the site (Figure 2.8). Hawley and Bledsoe (2011) found that historical and ongoing 
watershed urbanization increases the duration and frequency of sediment-transporting 
runoff events, and these increases may be pronounced in semi-arid environments. If this 
drainage section of Black Mountain were channelized, paved, or concrete covered (e.g., 
to prevent dust exposure) upgradient of the current Culvert, the potential for sediment 
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and dissolved As transport may increase further into urbanized areas. For this reason, it 
is recommended that no further modifications be made to the natural drainage system 





Figure 2.7. Stormwater As concentration with increasing distance downgradient of 
mines compared with increasing sub-watershed catchment area (km2) at each sample 





Figure 2.8. Northern face of Black Mountain. Aerial images from September 1996 
(left) and August 2018 (right). Mining site indicated by circle towards bottom center-
right of image. Image sources: Landsat/Copernicus and U.S. Geological Survey 
(Google, 1996 and 2018).  
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2.6.5 Implications for other mines in similar settings 
The Black Mountain historic mining site is a small-scale, artisanal mine located 
in semi-arid southern California. Comparatively, even with Black Mountain’s ultra-
enriched As, the scale of historical operations (temporal and in volume of material 
extracted) is much smaller than many other mining sites. An estimated one to two tons 
of ore were roasted and processed on site (Weber et al., 1963), after which mine 
equipment, waste, and adits were abandoned in-place. Despite the limited scale of 
operations and dry climate, elevated As concentrations persist. The abandoned mine site 
at Black Mountain is just one of an estimated 50,000 abandoned mine sites existing in 
California (Dept. of Conservation, 2016) and over 500,000 in the USA (USEPA, 2004). 
With increasing populations and urbanization, many of these sites pose an increasing 
human health risk as the potential for exposure to impacted environmental media 
increases.  
Similar patterns of As migration downgradient of abandoned mines have been 
measured at other mining sites in arid and semi-arid regions. Where Black Mountain 
differs from these sites, however, is in the distance that As is transported downstream. 
In the nearby southern California Mojave Desert Kim et al. (2012) measured elevated 
As concentrations from 1 to over 10 km downstream from mining sites. Marmolejo-
Rodriguez et al. (2011) measured anthropogenic influence up to 18 km downstream; 
Razo et al. (2004) measured elevated concentrations 10 km downstream from tailings 
dams; and Sims et al. (2013) measured contaminant migration as far as 6 km 
downstream (Figure 2.9). It is possible that the flashy nature of desert rainfall events in 
these arid climates contributes to increased distance of As transport. Black Mountain is 
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in a coastal semi-arid region, has a more densely vegetated drainage pathway, and is 
less prone to flash flood events which may entrain large sediment quantities.  
In these dry climates, transport of fine material, including dust and tailings, is an 
important mechanism to consider. While wind erosion may affect tailings 
impoundments in all climates, that impact increases with aridity (Blight, 2008). Razo et 
al. (2004) identified two contaminated areas associated with historical mining 
operations in semi-arid San Luis Potosi, Mexico 1) an extensive area with a lower level 
of trace element pollution associated with aeolian transport from tailings 
impoundments; and 2) a more highly contaminated, localized area associated with 
fluvial transport of material from tailings impoundments. Thus, when considering As 
transport from historical artisanal mines in semi-arid and arid regions, both fluvial and 
aeolian transport should be considered along with the geochemical controls.  
Outside of the southwestern USA and Mexico, numerous former and on-going 
small-scale and artisanal mining operations exist in other arid and semi-arid locations 
such as western South America (Loredo et al., 2009; Oyarzun et al., 2012; Tarras-
Wahlberg et al., 2000) and sub-Saharan Africa (Essumang et al., 2007; Ouedraogo and 
Amyot 2013). While this site’s environmental impacts are local, understanding 
conditions at Black Mountain can aid in evaluating the collective impact of abandoned, 




Figure 2.9. Arsenic concentrations decrease rapidly with distance from Black Mountain 
mines (left) which results in a short As transport reach compared to other mines located 
in nearby semi-arid to arid regions (Nevada: Sims et al., 2013; Mojave: Kim et al., 2012 
[dashed gray lines indicate transport distance range at multiple studied sites]; San Luis 





Arsenic, but not Cu, Pb, and Zn, is strongly enriched at an historic artisanal mine 
site in an urbanized area of southern California. Without any obvious remediation 
efforts employed since mining ceased almost 100 years ago, significant pollution of 
sediments and surface waters was expected downgradient from the mining site, putting 
recreational users of the park and nearby residents at risk.  
Although As was detected at elevated concentrations in both sediments and 
surface waters downgradient from the artisanal mine site, concentrations in both 
matrices decreased rapidly with increasing distance from the site such that As in 
sediments and water began to closely approach background As concentrations 
approximately 1,000 m downgradient from the mines, which was unexpected and 
different from other As mines studied in nearby arid and semi-arid environments where 
off-site transport extended over far greater distances. Several reasons are proposed for 
the proximal containment of As at this site including: i) strong retention of As in the 
residual mineral fraction of sediments immediately downgradient of the mines, ii) 
infrequent rainfall events in this semi-arid climate, which prevents the rapid breakdown 
of As-minerals and hinders the frequency of transport of As-rich sediments 
downgradient, iii) the natural topography and catchment relief allows dilution of As-
impacted surface waters via connecting tributaries during rain events, and iv) the 
additional input of stormwater from concrete culverts within the residential area further 
helps to dilute surface waters on approach to the urbanized area. It is possible, then, that 
this site does not require significant remedial efforts to contain As-sediment and surface 
60 
 
water transport as long as the natural drainage remains unaltered and climate becomes 
increasingly drier. Long-term monitoring is recommended to confirm these findings.  
Importantly, investigations of similar historical artisanal mines numbering in the 
thousands worldwide, should note that even when As enrichment occurs at several tens 
of thousands of mg/kg like it does at Black Mountain, it is possible that a combination 
of geochemical, geomorphological, climatic, and urbanization controls can work 
together to retard the surface transport of As over large distances from such artisanal 
and un-remediated mine sites. Site managers worldwide should recognize the 
complexity of arsenic geochemical controls and consider a combination of factors when 
determining human health and ecological risks as well as when planning remediation 
efforts at similar historical mine sites.  
Further research is needed to determine potential groundwater impacts, exposure 
to trespassers accessing the historic mines, along with the risk from aeolian transport to 
recreational users of the park and nearby residents. Arsenic partitioning into the 
immobile residual phase of Black Mountain sediment is suspected to decrease As 
bioaccessibility and therefore reduce risks associated with human health but these 
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Appendix A: Sequential extraction procedure to determine arsenic partitioning and 
extraction solution preparation 
A.1 Sequential extraction procedure 
The following is a sequential extraction procedure for determining As partitioning in 
pulverized rock and fluvial sediments collected from Black Mountain Open Space 
Park.  The procedure is described by Turpeinen et al. (1999) and adapted from 
Tessier et al. (1979).  The procedure defines As partitioning in five fractions:  
exchangeable, bound to easily reducible metal oxides, bound to organic matter, 
bound to crystalline Fe- and Al-oxides, and residual. 
A.1.1 Notes 
● All centrifuge and Falcon tubes used in the below procedure were either new or 
acid-washed by soaking in a 10% nitric acid bath for no less than two hours, 
triple rinsed with deionized (DI) water, and dried in a laminar flow hood. 
● All glassware used below coming in contact with sample or extractant solutions 
was cleaned by soaking in a 10% nitric acid bath for no less than two hours, 
triple rinsed with DI water, and dried in a laminar flow hood. 
● Sieves were cleaned with acetone or compressed air between samples to avoid 
cross contamination. 
A.1.2 Sample Preparation 
1. Place the sample in a 2 millimeter (mm) sieve to remove large rocks, gravel, and 
organic debris. 
2. Analyze the sieved sample using a benchtop x-ray fluorescence (XRF) device 
and record the total As concentration. 
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3. Weigh out approximately 2.5 grams (g) of sieved sample. Record the mass to 3 
decimal places and place the sample in a new or acid-washed 50-milliliter (ml) 
centrifuge tube. 
4. Label the centrifuge tube with the sample identifier (ID). 
A.1.3 Extraction Step 1: Exchangeable Fraction 
1. Add 25 ml of 1 Molar (M) MgCl2 solution (magnesium chloride; see extraction 
solution preparation section) to the sample centrifuge tube. 
2. Place the tube on a shaker table and agitate at 300 revolutions per minute for 4 
hours at 25°C. 
3. Place the centrifuge tube in a centrifuge at 10,000 rotations per minute (rpm) for 
30 minutes. 
4. Remove the supernatant using a pipet placing two 10 ml aliquots in new 15-ml 
Falcon tubes.   
5. Add 0.01 ml of trace metal grade HNO3 to each Falcon tube. 
6. Label each Falcon tube with sample ID followed by “_1”, “magnesium chloride,” 
date, and time. 
7. One Falcon tube will be sent to an analytical laboratory for As analysis, the 
second will be kept at USD in case additional extraction sample is needed. 
8. Rinse the sediment sample with Milli-Q water. Do not use more than 10 ml of 
water to avoid solubilization of any solid material. 
9. Place the centrifuge tube in a centrifuge at 10,000 rpm for 10 minutes. 
10. Decant and dispose of the rinse water. 
11. Repeat steps 8 through 10 two more times. 
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A.1.4 Extraction Step 2: Easily Reducible Metal Oxides Fraction 
1. Add 10 ml of 0.1 M NH2OH·HCl (hydroxylamine hydrochloride; see extraction 
solution preparation section) to the sample centrifuge tube.  
2. Add 15 ml of 0.01 M HNO3 (nitric acid; see extraction solution preparation 
section) to the sample centrifuge tube. 
3. Place the tube on a shaker table and agitate at 300 revolutions per minute for 30 
minutes at 25°C. 
4. During this time, start heating a hot water bath to 85°C for Extraction Step 3 
below. 
5. Place the centrifuge tube in a centrifuge at 10,000 rotations per minute (rpm) for 
30 minutes. 
6. Remove the supernatant using a pipet placing two 10 ml aliquots in new 15-ml 
Falcon tubes.   
7. Add 0.01 ml of trace metal grade HNO3 to each Falcon tube. 
8. Label each tube with sample ID followed by “_2”, “hydroxylamine 
hydrochloride,” date, and time. 
9. One Falcon tube will be sent to an analytical laboratory for As analysis, the 
second will be kept at USD in case additional extraction sample is needed. 
10. Rinse the sediment sample with Milli-Q water. Do not use more than 10 ml of 
water to avoid solubilization of any solid material. 
11. Place the centrifuge tube in a centrifuge at 10,000 rpm for 10 minutes. 
12. Decant and dispose of the rinse water. 
13. Repeat steps 10 through 12 two more times. 
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A.1.5 Extraction Step 3: Bound to Organic Matter Fraction 
1. Add 22.5 ml of 0.02 M HNO3 (nitric acid; see extraction solution preparation 
section) to the sample centrifuge tube.  
2. Slowly add 2.5 ml of 30% H2O2 (hydrogen peroxide; see extraction solution 
preparation section) to the sample centrifuge tube. 
3. Place the tube in a hot water bath for 2 hours at 85°C. 
4. Add 3.5 ml of 3 M NH4Ac (ammonium acetate; see extraction solution 
preparation section) to the sample centrifuge tube  
5. Add 1.5 ml of 25% HNO3 (nitric acid; see extraction solution preparation 
section) to the sample centrifuge tube. 
6. Place the tube in a hot water bath for 5 hours at 85°C. 
7. Let the sample solution cool to room temperature for 30 minutes. 
8. During this time, increase the water bath temperature to 95°C. 
9. Place the centrifuge tube in a centrifuge for 30 minutes at 10,000 rpm. 
10. Remove the supernatant using a pipet placing two 10 ml aliquots in new 15-ml 
Falcon tubes.   
11. Add 0.01 ml of trace metal grade HNO3 to each Falcon tube. 
12. Label each tube with sample ID followed by “_3”, “ammonium acetate and nitric 
acid,” date, and time. 
13. One Falcon tube will be sent to an analytical laboratory for As analysis, the 
second will be kept at USD in case additional extraction sample is needed. 
14. Rinse the sediment sample with Milli-Q water. Do not use more than 10 ml of 
water to avoid solubilization of any solid material. 
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15. Place the centrifuge tube in a centrifuge at 10,000 rpm for 10 minutes. 
16. Decant and dispose of the rinse water. 
17. Repeat steps 14 through 16 two more times. 
A.1.6 Extraction Step 4: Crystalline Fe- and Al-oxides Fraction 
1. Add 12.5 ml of 0.175 M (NH4)2C2O4 (ammonium oxalate; see extraction solution 
preparation section) to the sample centrifuge tube.  
2. Add 12.5 ml of 0.1 M C2H2O4 (oxalic acid; see extraction solution preparation 
section) to the sample centrifuge tube. 
3. Place the tube in a hot water bath for 30 minutes at 95°C. 
4. Place the centrifuge tube in a centrifuge for 30 minutes at 10,000 rpm. 
5. Remove the supernatant using a pipet placing two 10 ml aliquots in new 15-ml 
Falcon tubes.   
6. Add 0.01 ml of trace metal grade HNO3 to each Falcon tube. 
7. Label each tube with sample ID followed by “_4”, “oxalic acid,” date, and time. 
8. One Falcon tube will be sent to an analytical laboratory for arsenic analysis, the 
second will be kept at USD in case additional extraction sample is needed. 
9. Dispose of the remaining sediment in an appropriately labeled hazardous waste 
container. 
A.1.7 Extraction Step 5:  Residual Fraction 
1. The residual fraction As concentration will be determined by subtracting the 
Steps 1 through 4 As concentrations from the total As concentration as measured 




A.2 Extraction Solution Preparation 
A.2.1 Step 1 Extractant: 1 M MgCl2 
1. Obtain an acid-washed 1-L volumetric flask. 
2. Label the flask “1 M magnesium chloride.” 
3. Weigh out 203.3 grams of MgCl2·6H2O and add to the volumetric flask. 
4. Fill to the 1 liter line with Milli-Q DI water. 
A.2.2 Step 2 Extractants: 0.1 M NH2OH·HCl and 0.01 M HNO3 
1. Obtain two acid-washed 500-ml volumetric flasks. 
2. Label one flask “0.1 M hydroxylamine hydrochloride.” 
3. Weigh out 3.475 grams of NH2OH·HCl and add to the volumetric flask. 
4. Fill to the 500 ml line with Milli-Q DI water. 
5. Label the second flask “0.01 M nitric acid” and fill it about half way with Milli-
Q DI water. 
6. Add 0.313 ml of 16 M trace metals grade HNO3 to the volumetric flask. 
7. Fill to the 500 ml line with Milli-Q DI water. 
A.2.3 Step 3 Extractants: 30% H2O2, 0.02 M HNO3, 3 M NH4Ac, and 25% 
(~5.6 M) HNO3 
1. Obtain one acid-washed 50-ml beaker, one 1-L volumetric flask, and two 100-ml 
volumetric flasks. 
2. Label the beaker “30% hydrogen peroxide” and fill as needed with 30% H2O2. 
3. Label the 1-L volumetric flask “0.02 M nitric acid” and fill it about half way with 
Milli-Q DI water. 
4. Add 1.25 ml of 16 M trace metals grade HNO3 to the volumetric flask. 
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5. Fill to the 1 liter line with Milli-Q DI water. 
6. Label a 100-ml volumetric flask “3 M ammonium acetate.” 
7. Weigh out 23.124 grams of NH4Ac and add to a 100-ml volumetric flask. 
8. Fill to the 100 ml line with Milli-Q DI water. 
9. Label the second 100-ml volumetric flask “25% HNO3” and fill about half way 
with Milli-Q DI water. 
10. Add 35 ml of 16 M trace metals grade HNO3 to the volumetric flask. 
11. Fill to the 100 ml line with Milli-Q DI water. 
A.2.4 Step 4 Extractants: 0.175 M (NH4)2C2O4 and 0.1 M C2H2O4 
1. Obtain two acid-washed 500-ml volumetric flasks. 
2. Label the first 500-L volumetric flask “0.175 M ammonium oxalate.”  
3. Weigh out 12.43 grams of (NH4)2C2O4 and add to a 500-ml volumetric flask. 
4. Fill to the 500 ml line with Milli-Q DI water. 
5. Label the second 500-L volumetric flask “0.1 M oxalic acid.” 
6. Weigh out 4.5 grams of C2H2O4 and add to a 500-ml volumetric flask. 





A.3 Works cited 
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Appendix B: Arsenic sequential extraction partitioning results 
 
Table B.1. Arsenic partitioning (mg/kg) in Black Mountain rock, mine waste, and 
drainage sediment. 
Sample 






















15.2 38.0 7.63 372.7 2967 
Mine rock Mk001 21.1 62.5 14.5 3733 45829 
Mk003 0.00 2.04 1.63 49.1 870 







R003wp 0.00 0.00 0.50 6.32 114.2 
R008f 0.00 0.51 1.42 34.7 2750 
R010f 0.00 0.00 0.00 3.17 802.8 
R014f-w 0.00 0.00 0.44 1.63 356.9 
R016f-w 0.00 0.00 0.00 4.76 545.2 
R023i 16.2 18.6 2.39 2233 26525 
R024wp 0.00 0.56 0.56 27.2 705.7 
Rhyolites Mr002 0.00 1.62 2.63 93.3 926.5 
 R020i 1.11 16.3 9.79 604.1 2524 
Dacites R051i 0.00 0.59 0.48 2.73 7.2 
R058i 0.00 1.37 0.00 4.86 25.4 
Drainage 
sediment 
BMD-01 0.00 0.00 0.70 0.89 18.2 
BMD-08 4.04 7.49 56.43 698.80 1553.8 
 BMD-17 0.00 2.88 3.45 118.10 525.9 
 BMD-21 0.72 2.01 7.89 105.03 508.7 
 BMD-30 0.95 1.13 3.53 49.32 573.9 
 BMD-38 0.58 1.10 5.52 7.63 115.7 
 BMD-45 0.00 0.00 0.00 14.65 155.3 
 BMD-50 0.00 0.00 1.04 10.89 189.9 
 BMD-55_0-5 
0.42 0.00 7.23 10.25 129.4 
 BMD-55_10-15 
0.00 0.65 1.29 14.56 173.5 
 BMD-56_0-5 
0.00 0.50 0.00 11.28 161.4 
 BMD-56_10-15 
0.59 0.00 4.69 4.57 43.1 
 BMD-57_0-5 
0.00 0.00 5.70 3.71 26.1 
 BMD-57_10-15 




0.44 0.00 8.29 5.36 34.1 
 BMD-58_25-30 
0.00 0.00 1.33 4.96 58.3 
 BMD-59_0-5 
0.00 0.00 2.76 5.39 46.5 
 BMD-59_25-30 
0.00 0.00 2.97 2.02 23.3 
 BMD-61_0-5 
1.10 1.61 34.17 6.71 39.5 
 BMD-61_10-15 
0.80 0.91 19.95 10.57 62.2 
 BMD-61_45-50 
0.00 0.51 0.50 5.26 40.7 
 BMD-61_95-100 
0.00 0.60 4.20 3.79 28.2 
 BMD-63 0.00 1.74 3.56 72.94 222.6 
 BMD-65 0.00 1.11 1.85 10.48 111.2 
 BMD-69 0.00 0.72 4.00 4.20 102.2 
 BMD-71 1.15 1.08 16.40 3.46 33.1 
 BMD-74 0.00 0.00 1.30 2.46 45.2 
 BMD-77 0.00 0.63 0.49 2.14 24.8 
 BMD-79 0.00 0.49 1.05 3.14 26.6 




Appendix C: Evaluation of Black Mountain drainage sediment at depth 
C.1 Sample collection and analysis 
Sediment within Black Mountain ephemeral drainage pathways is typically 
thin, however, some locations allowed for collection of deeper samples in addition to 
surface sediment samples. Deeper sediment was deposited prior to surface sediment, 
possibly from earlier storm events and seasons, and deeper samples were collected to 
assess temporal changes within the drainage. Multiple sample depths were collected 
at 10 locations and ranged from 15 to 100 cm below ground surface. Deeper 
sediment was typically present within the drainage pathway immediately upstream 
from a hiking trail crossing where drainage modifications create a partially blocked 
culvert directing runoff to a single corrugated pipe which reduces flow and creates a 
ponding and sedimentation area (Figure 2.2).  
Sediment samples a locations with multiple samples (n = 25, including 
surface samples at these locations) were prepared and analyzed for trace metals 
following the methods discussed in Chapter 2 Section 3. The samples were 
individually air dried, sieved and mixed to remove bulk rock and organic debris and 
increase homogenization. Fourteen samples at locations with multiple sample depths 
were selected for sequential extraction analysis. Each of these locations was within 
the Sedimentation Area (Figure 2.2).  
All drainage sediment samples including surface samples (n = 88) were 
analyzed for trace metals by an Innov-X-5000 X-ray Fluorescence (XRF) at USD. 
Before each analysis, the XRF passed calibration by reference to a factory provided 
calibration disc. The Certified Reference Materials (CRM) NIST 2710a and NIST 
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2711a Montana II Soil were analyzed before, after, and during analysis of suspected 
process waste and drainage sediment. Accuracy was assessed by calculating relative 
percent difference (RPD) from the certified concentrations. Duplicates were assessed 
by calculating relative standard deviation (RSD). RPD ranged from 0.2 to 8.6%. 
RSD ranged from 0.0 to 31%. Copper and lead (Pb) were detected in one SiO2 blank 
analysis each, and zinc (Zn) was regularly detected in the SiO2 blank; all detected 
concentrations were low, approximately equal to the XRF detection limit (5 mg/kg). 
Arsenic was not detected in the SiO2 blank analysis.  
The modified sequential extraction procedure, described in Chapter 2, was 
used to determine As concentration in five different fractions for drainage sediment 
(n = 14) samples at locations with multiple sampling depths. Arsenic was targeted in 
four fractions using a chemical extractant: (1) exchangeable fraction, (2) easily 
reducible metal oxide bound fraction, (3) organic matter bound fraction, and (4) 
crystalline iron and aluminum oxide bound fraction. Arsenic concentration in the 
extracted liquid was analyzed by EMA following USEPA Method 6010. Sediment 
As concentration for each fraction was calculated using the measured As 
concentration in the extracted liquid. The As concentration in the fifth (residual) 
fraction was calculated based on the result of the total As concentration as 
determined by XRF and results of the chemical extractions listed above. A detailed 
description of this method is provided in Table 2.1. Extractions were conducted on 
three duplicate samples for data quality assurance. Calculated RSD’s were typically 
less than 5% with higher RSD (12-43%) where As concentration analytical results 
for samples approached the laboratory reporting limit. 
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C.2 Trace metals in Black Mountain drainage sediment at locations with 
multiple sample depths 
 Locations with thicker sediment profiles and multiple sediment sampling 
depths (n = 10) were identified within the sedimentation area and trail crossing 
segments of the drainage. Bedrock refusal was typically 15 to 30 cm below ground 
surface within these segments, however, deeper sediment was available at two 
locations (BMD-60 and -61) within the Sedimentation Area. Arsenic concentrations 
in sediment samples collected at locations with multiple sampling depths ranged 
from 12.3 to 173.2 mg/kg, Cu concentrations ranged from 10 to 33.7 mg/kg, Pb 
concentrations ranged from 9.9 to 63 mg/kg, and Zn concentrations ranged from 44.2 
to 116.3 mg/kg (Table C.1). Arsenic and Zn concentrations exceeded the upper 
crustal average in all but one sample, while Cu concentrations were below in all but 
one sample. Lead concentrations excceded the upper crustal average in the majority 




Table C.1. Total metals (As, Cu, Pb, Zn) concentrations in Black Mountain drainage 
sediment at locations with multiple sample depths organized by sample location. 
Bold indicated a concentration greater than the average upper crustal concentration*. 
Sample 
Location 
Depth (cm) As (mg/kg) Cu (mg/kg) Pb (mg/kg) Zn (mg/kg) 
Upper crustal average* 4.8 28 17 47 
BMD-55 0 – 5 147.3 27 23.6 108.8 
 
10 – 15 190 22.2 22.6 80 
BMD-56 0 – 5 173.2 21.2 17.4 79 
 
10 – 15 52.9 13.5 17.9 52.6 
BMD-57 0 – 5 35.5 17.8 17.7 66.5 
 
10 – 15 55.9 23.5 20.6 77.3 
BMD-58 0 – 5 48.2 17.3 22.5 69.3 
 10 – 15 28.3 10 14.1 56.4 
 
25 – 30 64.6 27.5 22.9 88.5 
BMD-59 0 – 5 54.7 17.2 15.3 66.7 
 10 – 15 47.5 15.5 20.7 69 
 
25 – 30 28.8 27.4 32 83.7 
BMD-60 0 – 5 32.5 10 13.8 56.2 
 10 – 15 33.3 12 14.4 57.2 
 
40 – 45 32.1 16 21.2 69 
BMD-61 0 – 5 83.1 13.8 23.8 62.2 
 10 – 15 94.4 22.2 28.9 73.5 
 45 – 50 47 22.2 18.8 116.3 
 
95 – 100 36.8 33.7 63 100.5 
BMD-62 0 – 5 61 21 22.8 73 
 10 – 15 69.2 11 22.3 49.8 
BMD-64 0 – 5 21.6 12 13.5 44.2 
 
10 – 15 42.9 29 10.5 63 
BMD-66 0 – 5 53.8 15 9.9 58 
 
10 – 15 12.3 17 10.6 63 




Arsenic concentrations increased with depth at five locations (BMD-55, -57, 
-58, -62, and -64), decreased with depth at four locations (BMD-56, -59, -61, and -
66), and remained approximately constant with depth at one location (BMD-60) 
(Figure C.1). No trends were observed between As concentration and sample 
collection depth. 
 
Figure C.1. Change in total arsenic concentration between the surface and deepest 





C.3 Arsenic partitioning in Black Mountain drainage sediment at locations 
with multiple sample depths 
Two sediment sample depths were included in the sequential extraction 
analysis at 5 locations (BMD-55, -56, -57, -58, and -59) and four depths were 
analyzed at one location (BMD-61). These multiple depth locations were collected 
within the Sedimentation Area stretch of the drainage. At each location, the percent 
As contributions from the easily exchangeable, easily reducible MeOx, and 
crystalline Fe- and Al-Ox fractions all remained relatively constant with depth. The 
largest change was a 3.4% drop in the crystalline Fe- and Al-Ox fraction between the 
surface (0 to 5 cm) and deeper (25 to 30 cm) samples at location BMD-58 (Figures 
C.2 and C.3). Because the percent As contributions from the other three fractions 
remained relatively stable, the percent contributions from the organic matter and 
residual fractions varied inversely. The percent As contribution from the organic 
matter fraction increased with depth at two locations (BMD-56 and -59), decreased 
with depth at three locations (BMD-55, -57, and -58), and initially decreased then 
later increased with depth at one location (BMD-61) (Figures C.2 and C.3). 
Therefore, no trends were observed in how the organic matter-residual fraction 








Figure C.3. Arsenic partitioning (%) in Black Mountain drainage sediment at depth. 
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Appendix E: Arsenic bioaccessibility in Black Mountain drainage sediment 
E.1 Sample collection and analysis 
Bioaccssiblity is defined as the amount of a constituent that is soluble in 
gastric fluid and, therefore, available to be taken up by the intestinal lumen. An 
assessment of arsenic (As) bioaccessibility was performed on the 30 drainage 
sediment samples included in the sequential extraction analysis discussed in Chapter 
2 and Appendix C of this thesis. Sediment samples were sieved (1 mm) and analyzed 
for total As concentration (Chapter 2 and Appendix C). Bioaccessibility was 
assessed following the method described in Hamel et al. (1998). Samples were 
digested in a synthetic gastric fluid and the digestate analyzed for As by an outside 
analytical laboratory (Enviromatrix Analytical). A Black Mountain site specific 
percent bioaccessibility was calculated for each of the 30 sediment samples using the 
total As concentration (x-ray fluorescence) and bioaccessible fraction (gastric fluid 
digestion) (Table E.1).  
For quality control purposes, all glassware used during bioaccessibility 
analysis was acid-washed and triple rinsed with deionized water prior to use, and all 
laboratory equipment coming in contact with sample material was cleaned after each 
sample. Three duplicate samples were analyzed and calculated relative standard 
deviations were deemed acceptable (0.0 to 9.6%). One black sample was analyzed; 




E.2 Black Mountain sediment arsenic bioaccessibility results 
Table E.1. Bioaccessible fraction of As in Black Mountain drainage sediment 
and site specific bioaccesibility. 
Sample ID 









BMD-01 19.8 1.15 6% 
BMD-08 2320.5 203.94 9% 
BMD-17 650.3 5.99 1% 
BMD-21 624.3 16.90 3% 
BMD-30 628.8 9.84 2% 
BMD-38 130.5 5.63 4% 
BMD-45 169.9 2.30 1% 
BMD-50 201.8 2.24 1% 
BMD-55_0-5 147.3 2.85 2% 
BMD-55_10-15 190 6.76 4% 
BMD-56_0-5 173.2 2.52 1% 
BMD-56_10-15 52.9 2.05 4% 
BMD-57_0-5 35.5 6.08 17% 
BMD-57_10-15 55.9 2.32 4% 
BMD-58_0-5 48.2 2.97 6% 
BMD-58_25-30 64.6 2.40 4% 
BMD-59_0-5 54.7 3.21 6% 
BMD-59_25-30 28.3 1.78 6% 
BMD-61_0-5 83.1 28.18 34% 
BMD-61_10-15 94.4 22.59 24% 
BMD-61_45-50 47 1.43 3% 
BMD-61_95-100 36.8 3.84 10% 
BMD-63 300.8 24.72 8% 
BMD-65_0-5 53.8 3.02 6% 
BMD-69 111.2 2.18 2% 
BMD-71_0-5 55.2 9.76 18% 
BMD-74 48.9 1.49 3% 
BMD-77 28.1 1.55 6% 
BMD-79 31.3 1.54 5% 





E.3 Works cited 
Hamel, S. C., B. Buckley, and P. J. Lioy, 1998. Bioaccessibility of metals in soils for 
different liquid to solid ratios in synthetic gastric fluid. Environmental 








Appendix F: Analytical laboratory results 
EnviroMatrix Analytical, Inc.
University of San Diego
Black Mountain Arsenic Transport in Drainage
San Diego, CA 92110
5998 Alcala Park
Beth O'Shea, PhD
Enclosed are the results of analyses for samples received by the laboratory on 05/14/18 13:32.  Samples were 
analyzed pursuant to client request utilizing EPA or other ELAP approved methodologies.  I certify that this 
data is in compliance both technically and for completeness.  
23 June 2018
Attn:
EMA Log #: 18E0509
Laboratory Director
Dan Verdon
CA ELAP Certification #: 2564
Project Name:
4340 Viewridge Avenue, Suite A - San Diego, California 92123 - (858) 560-7717 - Fax (858) 560-7763
Analytical Chemistry Laboratory
USD Goal VaProject Desc./#:
95
Project Name:
University of San DiegoClient Name: EMA Log #:  18E0509
Black Mountain Arsenic Transport in Drainage
Sample ID Laboratory ID Matrix Date Sampled
ANALYTICAL REPORT FOR SAMPLES
Date Received
BMD-01-1 18E0509-01 03/29/18 14:40 05/14/18 13:32Liquid
BMD-08-1 18E0509-02 03/29/18 14:40 05/14/18 13:32Liquid
BMD-08-dup-1 18E0509-03 03/29/18 14:40 05/14/18 13:32Liquid
BMD-17-1 18E0509-04 03/29/18 14:40 05/14/18 13:32Liquid
BMD-21-1 18E0509-05 03/29/18 14:40 05/14/18 13:32Liquid
BMD-30-1 18E0509-06 03/29/18 14:40 05/14/18 13:32Liquid
BMD-38-1 18E0509-07 03/29/18 14:40 05/14/18 13:32Liquid
BMD-38-dup-1 18E0509-08 03/29/18 14:40 05/14/18 13:32Liquid
BMD-45-1 18E0509-09 03/29/18 14:40 05/14/18 13:32Liquid
BMD-50-1 18E0509-10 03/29/18 14:40 05/14/18 13:32Liquid
BMD-55-0-5-1 18E0509-11 03/29/18 14:40 05/14/18 13:32Liquid
BMD-55-10-15-1 18E0509-12 03/29/18 14:40 05/14/18 13:32Liquid
BMD-56-0-5-1 18E0509-13 03/29/18 14:40 05/14/18 13:32Liquid
BMD-56-10-15-1 18E0509-14 03/29/18 14:40 05/14/18 13:32Liquid
BMD-57-0-5-1 18E0509-15 03/29/18 14:40 05/14/18 13:32Liquid
BMD-57-10-15-1 18E0509-16 03/29/18 14:40 05/14/18 13:32Liquid
BMD-58-0-5-1 18E0509-17 03/29/18 14:40 05/14/18 13:32Liquid
BMD-58-25-30-1 18E0509-18 03/29/18 14:40 05/14/18 13:32Liquid
BMD-59-0-5-1 18E0509-19 03/29/18 14:40 05/14/18 13:32Liquid
BMD-59-25-30-1 18E0509-20 03/29/18 14:40 05/14/18 13:32Liquid
BMD-61-0-5-1 18E0509-21 03/29/18 14:40 05/14/18 13:32Liquid
BMD-61-10-15-1 18E0509-22 03/29/18 14:40 05/14/18 13:32Liquid
BMD-61-45-50-1 18E0509-23 03/29/18 14:40 05/14/18 13:32Liquid
BMD-61-95-100-1 18E0509-24 03/29/18 14:40 05/14/18 13:32Liquid
BMD-01-2 18E0509-25 03/29/18 16:30 05/14/18 13:32Liquid
BMD-08-2 18E0509-26 03/29/18 16:30 05/14/18 13:32Liquid
BMD-08-dup-2 18E0509-27 03/29/18 16:30 05/14/18 13:32Liquid
BMD-17-2 18E0509-28 03/29/18 16:30 05/14/18 13:32Liquid
BMD-21-2 18E0509-29 03/29/18 16:30 05/14/18 13:32Liquid
BMD-30-2 18E0509-30 03/29/18 16:30 05/14/18 13:32Liquid
BMD-38-2 18E0509-31 03/29/18 16:30 05/14/18 13:32Liquid
BMD-38-dup-2 18E0509-32 03/29/18 16:30 05/14/18 13:32Liquid
BMD-45-2 18E0509-33 03/29/18 16:30 05/14/18 13:32Liquid
BMD-50-2 18E0509-34 03/29/18 16:30 05/14/18 13:32Liquid
BMD-55-0-5-2 18E0509-35 03/29/18 16:30 05/14/18 13:32Liquid
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18E0509
Black Mountain Arsenic Transport in Drainage
Sample ID Laboratory ID Matrix Date Sampled
ANALYTICAL REPORT FOR SAMPLES
Date Received
BMD-55-10-15-2 18E0509-36 03/29/18 16:30 05/14/18 13:32Liquid
BMD-56-0-5-2 18E0509-37 03/29/18 16:30 05/14/18 13:32Liquid
BMD-56-10-15-2 18E0509-38 03/29/18 16:30 05/14/18 13:32Liquid
BMD-57-0-5-2 18E0509-39 03/29/18 16:30 05/14/18 13:32Liquid
BMD-57-10-15-2 18E0509-40 03/29/18 16:30 05/14/18 13:32Liquid
BMD-58-0-5-2 18E0509-41 03/29/18 16:30 05/14/18 13:32Liquid
BMD-58-25-30-2 18E0509-42 03/29/18 16:30 05/14/18 13:32Liquid
BMD-59-0-5-2 18E0509-43 03/29/18 16:30 05/14/18 13:32Liquid
BMD-59-25-30-2 18E0509-44 03/29/18 16:30 05/14/18 13:32Liquid
BMD-61-0-5-2 18E0509-45 03/29/18 16:30 05/14/18 13:32Liquid
BMD-61-10-15-2 18E0509-46 03/29/18 16:30 05/14/18 13:32Liquid
BMD-61-45-50-2 18E0509-47 03/29/18 16:30 05/14/18 13:32Liquid
BMD-61-95-100-2 18E0509-48 03/29/18 16:30 05/14/18 13:32Liquid
BMD-01-3 18E0509-49 03/30/18 17:00 05/14/18 13:32Liquid
BMD-08-3 18E0509-50 03/30/18 17:00 05/14/18 13:32Liquid
BMD-08-dup-3 18E0509-51 03/30/18 17:00 05/14/18 13:32Liquid
BMD-17-3 18E0509-52 03/30/18 17:00 05/14/18 13:32Liquid
BMD-21-3 18E0509-53 03/30/18 17:00 05/14/18 13:32Liquid
BMD-30-3 18E0509-54 03/30/18 17:00 05/14/18 13:32Liquid
BMD-38-3 18E0509-55 03/30/18 17:00 05/14/18 13:32Liquid
BMD-38-dup-3 18E0509-56 03/30/18 17:00 05/14/18 13:32Liquid
BMD-45-3 18E0509-57 03/30/18 17:00 05/14/18 13:32Liquid
BMD-50-3 18E0509-58 03/30/18 17:00 05/14/18 13:32Liquid
BMD-55-0-5-3 18E0509-59 03/30/18 17:00 05/14/18 13:32Liquid
BMD-55-10-15-3 18E0509-60 03/30/18 17:00 05/14/18 13:32Liquid
BMD-56-0-5-3 18E0509-61 03/30/18 17:00 05/14/18 13:32Liquid
BMD-56-10-15-3 18E0509-62 03/30/18 17:00 05/14/18 13:32Liquid
BMD-57-0-5-3 18E0509-63 03/30/18 17:00 05/14/18 13:32Liquid
BMD-57-10-15-3 18E0509-64 03/30/18 17:00 05/14/18 13:32Liquid
BMD-58-0-5-3 18E0509-65 03/30/18 17:00 05/14/18 13:32Liquid
BMD-58-25-30-3 18E0509-66 03/30/18 17:00 05/14/18 13:32Liquid
BMD-59-0-5-3 18E0509-67 03/30/18 17:00 05/14/18 13:32Liquid
BMD-59-25-30-3 18E0509-68 03/30/18 17:00 05/14/18 13:32Liquid
BMD-61-0-5-3 18E0509-69 03/30/18 17:00 05/14/18 13:32Liquid
BMD-61-10-15-3 18E0509-70 03/30/18 17:00 05/14/18 13:32Liquid
BMD-61-45-50-3 18E0509-71 03/30/18 17:00 05/14/18 13:32Liquid
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18E0509
Black Mountain Arsenic Transport in Drainage
Sample ID Laboratory ID Matrix Date Sampled
ANALYTICAL REPORT FOR SAMPLES
Date Received
BMD-61-95-100-3 18E0509-72 03/30/18 17:00 05/14/18 13:32Liquid
BMD-01-4 18E0509-73 03/31/18 09:30 05/14/18 13:32Liquid
BMD-08-4 18E0509-74 03/31/18 09:30 05/14/18 13:32Liquid
BMD-08-dup-4 18E0509-75 03/31/18 09:30 05/14/18 13:32Liquid
BMD-17-4 18E0509-76 03/31/18 09:30 05/14/18 13:32Liquid
BMD-21-4 18E0509-77 03/31/18 09:30 05/14/18 13:32Liquid
BMD-30-4 18E0509-78 03/31/18 09:30 05/14/18 13:32Liquid
BMD-38-4 18E0509-79 03/31/18 09:30 05/14/18 13:32Liquid
BMD-38-dup-4 18E0509-80 03/31/18 09:30 05/14/18 13:32Liquid
BMD-45-4 18E0509-81 03/31/18 09:30 05/14/18 13:32Liquid
BMD-50-4 18E0509-82 03/31/18 09:30 05/14/18 13:32Liquid
BMD-55-0-5-4 18E0509-83 03/31/18 09:30 05/14/18 13:32Liquid
BMD-55-10-15-4 18E0509-84 03/31/18 09:30 05/14/18 13:32Liquid
BMD-56-0-5-4 18E0509-85 03/31/18 09:30 05/14/18 13:32Liquid
BMD-56-10-15-4 18E0509-86 03/31/18 09:30 05/14/18 13:32Liquid
BMD-57-0-5-4 18E0509-87 03/31/18 09:30 05/14/18 13:32Liquid
BMD-57-10-15-4 18E0509-88 03/31/18 09:30 05/14/18 13:32Liquid
BMD-58-0-5-4 18E0509-89 03/31/18 09:30 05/14/18 13:32Liquid
BMD-58-25-30-4 18E0509-90 03/31/18 09:30 05/14/18 13:32Liquid
BMD-59-0-5-4 18E0509-91 03/31/18 09:30 05/14/18 13:32Liquid
BMD-59-25-30-4 18E0509-92 03/31/18 09:30 05/14/18 13:32Liquid
BMD-61-0-5-4 18E0509-93 03/31/18 09:30 05/14/18 13:32Liquid
BMD-61-10-15-4 18E0509-94 03/31/18 09:30 05/14/18 13:32Liquid
BMD-61-45-50-4 18E0509-95 03/31/18 09:30 05/14/18 13:32Liquid
BMD-61-95-100-4 18E0509-96 03/31/18 09:30 05/14/18 13:32Liquid
 SAMPLE MATRIX NOTE :
ID'S ENDING IN:
"-1" = MgCl2
"-2" = NH2OH-HCL and HNO3
"-3" = H2O2, HNO3, and NH4Ac
"-4" = (NH4)2C2O4 and C2H2O4
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18E0509
Black Mountain Arsenic Transport in Drainage
Total Metals by EPA 6000/7000 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
BMD-01-1 (18E0509-01) Liquid    Sampled: 03/29/18 14:40   Received: 05/14/18 13:32
EPA 601006/21/18 06/21/18 mg/l 806210610Arsenic R-05ND 0.1000.043
BMD-08-1 (18E0509-02) Liquid    Sampled: 03/29/18 14:40   Received: 05/14/18 13:32
8062106 06/21/18 06/21/18 mg/l 10 R-050.402 0.043 0.100Arsenic EPA 6010
BMD-08-dup-1 (18E0509-03) Liquid    Sampled: 03/29/18 14:40   Received: 05/14/18 13:32
8062106 06/21/18 06/21/18 mg/l 10 R-050.215 0.043 0.100Arsenic EPA 6010
BMD-17-1 (18E0509-04) Liquid    Sampled: 03/29/18 14:40   Received: 05/14/18 13:32
EPA 601006/21/18 06/21/18 mg/l 806210610Arsenic R-05ND 0.1000.043
BMD-21-1 (18E0509-05) Liquid    Sampled: 03/29/18 14:40   Received: 05/14/18 13:32
8062106 06/21/18 06/21/18 mg/l 10 R-05, J0.073 0.043 0.100Arsenic EPA 6010
BMD-30-1 (18E0509-06) Liquid    Sampled: 03/29/18 14:40   Received: 05/14/18 13:32
8062106 06/21/18 06/21/18 mg/l 10 R-05, J0.095 0.043 0.100Arsenic EPA 6010
BMD-38-1 (18E0509-07) Liquid    Sampled: 03/29/18 14:40   Received: 05/14/18 13:32
8062106 06/21/18 06/21/18 mg/l 10 R-05, J0.058 0.043 0.100Arsenic EPA 6010
BMD-38-dup-1 (18E0509-08) Liquid    Sampled: 03/29/18 14:40   Received: 05/14/18 13:32
EPA 601006/21/18 06/21/18 mg/l 806210610Arsenic R-05ND 0.1000.043
BMD-45-1 (18E0509-09) Liquid    Sampled: 03/29/18 14:40   Received: 05/14/18 13:32
EPA 601006/21/18 06/21/18 mg/l 806210610Arsenic R-05ND 0.1000.043
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18E0509
Black Mountain Arsenic Transport in Drainage
Total Metals by EPA 6000/7000 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
BMD-50-1 (18E0509-10) Liquid    Sampled: 03/29/18 14:40   Received: 05/14/18 13:32
EPA 601006/21/18 06/21/18 mg/l 806210610Arsenic R-05ND 0.1000.043
BMD-55-0-5-1 (18E0509-11) Liquid    Sampled: 03/29/18 14:40   Received: 05/14/18 13:32
8062106 06/21/18 06/21/18 mg/l 10 R-05, J0.043 0.043 0.100Arsenic EPA 6010
BMD-55-10-15-1 (18E0509-12) Liquid    Sampled: 03/29/18 14:40   Received: 05/14/18 13:32
EPA 601006/21/18 06/21/18 mg/l 806210610Arsenic R-05ND 0.1000.043
BMD-56-0-5-1 (18E0509-13) Liquid    Sampled: 03/29/18 14:40   Received: 05/14/18 13:32
EPA 601006/21/18 06/21/18 mg/l 806210610Arsenic R-05ND 0.1000.043
BMD-56-10-15-1 (18E0509-14) Liquid    Sampled: 03/29/18 14:40   Received: 05/14/18 13:32
8062106 06/21/18 06/21/18 mg/l 10 R-05, J0.059 0.043 0.100Arsenic EPA 6010
BMD-57-0-5-1 (18E0509-15) Liquid    Sampled: 03/29/18 14:40   Received: 05/14/18 13:32
EPA 601006/21/18 06/21/18 mg/l 806210610Arsenic R-05ND 0.1000.043
BMD-57-10-15-1 (18E0509-16) Liquid    Sampled: 03/29/18 14:40   Received: 05/14/18 13:32
EPA 601006/21/18 06/21/18 mg/l 806210610Arsenic R-05ND 0.1000.043
BMD-58-0-5-1 (18E0509-17) Liquid    Sampled: 03/29/18 14:40   Received: 05/14/18 13:32
8062106 06/21/18 06/21/18 mg/l 10 R-05, J0.045 0.043 0.100Arsenic EPA 6010
BMD-58-25-30-1 (18E0509-18) Liquid    Sampled: 03/29/18 14:40   Received: 05/14/18 13:32
EPA 601006/21/18 06/21/18 mg/l 806210610Arsenic R-05ND 0.1000.043
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18E0509
Black Mountain Arsenic Transport in Drainage
Total Metals by EPA 6000/7000 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
BMD-59-0-5-1 (18E0509-19) Liquid    Sampled: 03/29/18 14:40   Received: 05/14/18 13:32
EPA 601006/21/18 06/21/18 mg/l 806210610Arsenic R-05ND 0.1000.043
BMD-59-25-30-1 (18E0509-20) Liquid    Sampled: 03/29/18 14:40   Received: 05/14/18 13:32
EPA 601006/21/18 06/21/18 mg/l 806210610Arsenic R-05ND 0.1000.043
BMD-61-0-5-1 (18E0509-21) Liquid    Sampled: 03/29/18 14:40   Received: 05/14/18 13:32
8062107 06/21/18 06/21/18 mg/l 10 R-050.111 0.043 0.100Arsenic EPA 6010
BMD-61-10-15-1 (18E0509-22) Liquid    Sampled: 03/29/18 14:40   Received: 05/14/18 13:32
8062107 06/21/18 06/21/18 mg/l 10 R-05, J0.080 0.043 0.100Arsenic EPA 6010
BMD-61-45-50-1 (18E0509-23) Liquid    Sampled: 03/29/18 14:40   Received: 05/14/18 13:32
EPA 601006/21/18 06/21/18 mg/l 806210710Arsenic R-05ND 0.1000.043
BMD-61-95-100-1 (18E0509-24) Liquid    Sampled: 03/29/18 14:40   Received: 05/14/18 13:32
EPA 601006/21/18 06/21/18 mg/l 806210710Arsenic R-05ND 0.1000.043
BMD-01-2 (18E0509-25) Liquid    Sampled: 03/29/18 16:30   Received: 05/14/18 13:32
EPA 601006/21/18 06/21/18 mg/l 806210710Arsenic R-05ND 0.1000.043
BMD-08-2 (18E0509-26) Liquid    Sampled: 03/29/18 16:30   Received: 05/14/18 13:32
8062107 06/21/18 06/21/18 mg/l 10 R-050.746 0.043 0.100Arsenic EPA 6010
BMD-08-dup-2 (18E0509-27) Liquid    Sampled: 03/29/18 16:30   Received: 05/14/18 13:32
8062107 06/21/18 06/21/18 mg/l 10 R-050.695 0.043 0.100Arsenic EPA 6010
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18E0509
Black Mountain Arsenic Transport in Drainage
Total Metals by EPA 6000/7000 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
BMD-17-2 (18E0509-28) Liquid    Sampled: 03/29/18 16:30   Received: 05/14/18 13:32
8062107 06/21/18 06/21/18 mg/l 10 R-050.290 0.043 0.100Arsenic EPA 6010
BMD-21-2 (18E0509-29) Liquid    Sampled: 03/29/18 16:30   Received: 05/14/18 13:32
8062107 06/21/18 06/21/18 mg/l 10 R-050.205 0.043 0.100Arsenic EPA 6010
BMD-30-2 (18E0509-30) Liquid    Sampled: 03/29/18 16:30   Received: 05/14/18 13:32
8062107 06/21/18 06/21/18 mg/l 10 R-050.113 0.043 0.100Arsenic EPA 6010
BMD-38-2 (18E0509-31) Liquid    Sampled: 03/29/18 16:30   Received: 05/14/18 13:32
8062107 06/21/18 06/21/18 mg/l 10 R-050.111 0.043 0.100Arsenic EPA 6010
BMD-38-dup-2 (18E0509-32) Liquid    Sampled: 03/29/18 16:30   Received: 05/14/18 13:32
8062107 06/21/18 06/21/18 mg/l 10 R-050.107 0.043 0.100Arsenic EPA 6010
BMD-45-2 (18E0509-33) Liquid    Sampled: 03/29/18 16:30   Received: 05/14/18 13:32
EPA 601006/21/18 06/21/18 mg/l 806210710Arsenic R-05ND 0.1000.043
BMD-50-2 (18E0509-34) Liquid    Sampled: 03/29/18 16:30   Received: 05/14/18 13:32
EPA 601006/21/18 06/21/18 mg/l 806210710Arsenic R-05ND 0.1000.043
BMD-55-0-5-2 (18E0509-35) Liquid    Sampled: 03/29/18 16:30   Received: 05/14/18 13:32
EPA 601006/21/18 06/21/18 mg/l 806210710Arsenic R-05ND 0.1000.043
BMD-55-10-15-2 (18E0509-36) Liquid    Sampled: 03/29/18 16:30   Received: 05/14/18 13:32
8062107 06/21/18 06/21/18 mg/l 10 R-05, J0.065 0.043 0.100Arsenic EPA 6010
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18E0509
Black Mountain Arsenic Transport in Drainage
Total Metals by EPA 6000/7000 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
BMD-56-0-5-2 (18E0509-37) Liquid    Sampled: 03/29/18 16:30   Received: 05/14/18 13:32
8062107 06/21/18 06/21/18 mg/l 10 R-05, J0.050 0.043 0.100Arsenic EPA 6010
BMD-56-10-15-2 (18E0509-38) Liquid    Sampled: 03/29/18 16:30   Received: 05/14/18 13:32
EPA 601006/21/18 06/21/18 mg/l 806210710Arsenic R-05ND 0.1000.043
BMD-57-0-5-2 (18E0509-39) Liquid    Sampled: 03/29/18 16:30   Received: 05/14/18 13:32
EPA 601006/21/18 06/21/18 mg/l 806210710Arsenic R-05ND 0.1000.043
BMD-57-10-15-2 (18E0509-40) Liquid    Sampled: 03/29/18 16:30   Received: 05/14/18 13:32
EPA 601006/21/18 06/21/18 mg/l 806210710Arsenic R-05ND 0.1000.043
BMD-58-0-5-2 (18E0509-41) Liquid    Sampled: 03/29/18 16:30   Received: 05/14/18 13:32
EPA 601006/21/18 06/21/18 mg/l 806210810Arsenic R-05ND 0.1000.043
BMD-58-25-30-2 (18E0509-42) Liquid    Sampled: 03/29/18 16:30   Received: 05/14/18 13:32
EPA 601006/21/18 06/21/18 mg/l 806210810Arsenic R-05ND 0.1000.043
BMD-59-0-5-2 (18E0509-43) Liquid    Sampled: 03/29/18 16:30   Received: 05/14/18 13:32
EPA 601006/21/18 06/21/18 mg/l 806210810Arsenic R-05ND 0.1000.043
BMD-59-25-30-2 (18E0509-44) Liquid    Sampled: 03/29/18 16:30   Received: 05/14/18 13:32
EPA 601006/21/18 06/21/18 mg/l 806210810Arsenic R-05ND 0.1000.043
BMD-61-0-5-2 (18E0509-45) Liquid    Sampled: 03/29/18 16:30   Received: 05/14/18 13:32
8062108 06/21/18 06/21/18 mg/l 10 R-050.162 0.043 0.100Arsenic EPA 6010
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18E0509
Black Mountain Arsenic Transport in Drainage
Total Metals by EPA 6000/7000 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
BMD-61-10-15-2 (18E0509-46) Liquid    Sampled: 03/29/18 16:30   Received: 05/14/18 13:32
8062108 06/21/18 06/21/18 mg/l 10 R-05, J0.091 0.043 0.100Arsenic EPA 6010
BMD-61-45-50-2 (18E0509-47) Liquid    Sampled: 03/29/18 16:30   Received: 05/14/18 13:32
8062108 06/21/18 06/21/18 mg/l 10 R-05, J0.051 0.043 0.100Arsenic EPA 6010
BMD-61-95-100-2 (18E0509-48) Liquid    Sampled: 03/29/18 16:30   Received: 05/14/18 13:32
8062108 06/21/18 06/21/18 mg/l 10 R-05, J0.060 0.043 0.100Arsenic EPA 6010
BMD-01-3 (18E0509-49) Liquid    Sampled: 03/30/18 17:00   Received: 05/14/18 13:32
8062108 06/21/18 06/21/18 mg/l 10 R-05, J0.070 0.043 0.100Arsenic EPA 6010
BMD-08-3 (18E0509-50) Liquid    Sampled: 03/30/18 17:00   Received: 05/14/18 13:32
8062108 06/21/18 06/21/18 mg/l 10 R-055.62 0.043 0.100Arsenic EPA 6010
BMD-08-dup-3 (18E0509-51) Liquid    Sampled: 03/30/18 17:00   Received: 05/14/18 13:32
8062108 06/21/18 06/21/18 mg/l 10 R-055.71 0.043 0.100Arsenic EPA 6010
BMD-17-3 (18E0509-52) Liquid    Sampled: 03/30/18 17:00   Received: 05/14/18 13:32
8062108 06/21/18 06/21/18 mg/l 10 R-050.348 0.043 0.100Arsenic EPA 6010
BMD-21-3 (18E0509-53) Liquid    Sampled: 03/30/18 17:00   Received: 05/14/18 13:32
8062108 06/21/18 06/21/18 mg/l 10 R-050.804 0.043 0.100Arsenic EPA 6010
BMD-30-3 (18E0509-54) Liquid    Sampled: 03/30/18 17:00   Received: 05/14/18 13:32
8062108 06/21/18 06/21/18 mg/l 10 R-050.354 0.043 0.100Arsenic EPA 6010
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18E0509
Black Mountain Arsenic Transport in Drainage
Total Metals by EPA 6000/7000 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
BMD-38-3 (18E0509-55) Liquid    Sampled: 03/30/18 17:00   Received: 05/14/18 13:32
8062108 06/21/18 06/21/18 mg/l 10 R-050.556 0.043 0.100Arsenic EPA 6010
BMD-38-dup-3 (18E0509-56) Liquid    Sampled: 03/30/18 17:00   Received: 05/14/18 13:32
8062108 06/21/18 06/21/18 mg/l 10 R-050.532 0.043 0.100Arsenic EPA 6010
BMD-45-3 (18E0509-57) Liquid    Sampled: 03/30/18 17:00   Received: 05/14/18 13:32
EPA 601006/21/18 06/21/18 mg/l 806210810Arsenic R-05ND 0.1000.043
BMD-50-3 (18E0509-58) Liquid    Sampled: 03/30/18 17:00   Received: 05/14/18 13:32
8062108 06/21/18 06/21/18 mg/l 10 R-050.103 0.043 0.100Arsenic EPA 6010
BMD-55-0-5-3 (18E0509-59) Liquid    Sampled: 03/30/18 17:00   Received: 05/14/18 13:32
8062108 06/21/18 06/21/18 mg/l 10 R-050.741 0.043 0.100Arsenic EPA 6010
BMD-55-10-15-3 (18E0509-60) Liquid    Sampled: 03/30/18 17:00   Received: 05/14/18 13:32
8062108 06/21/18 06/21/18 mg/l 10 R-050.128 0.043 0.100Arsenic EPA 6010
BMD-56-0-5-3 (18E0509-61) Liquid    Sampled: 03/30/18 17:00   Received: 05/14/18 13:32
EPA 601006/21/18 06/21/18 mg/l 806210910Arsenic R-05ND 0.1000.043
BMD-56-10-15-3 (18E0509-62) Liquid    Sampled: 03/30/18 17:00   Received: 05/14/18 13:32
8062109 06/21/18 06/21/18 mg/l 10 R-050.471 0.043 0.100Arsenic EPA 6010
BMD-57-0-5-3 (18E0509-63) Liquid    Sampled: 03/30/18 17:00   Received: 05/14/18 13:32
8062109 06/21/18 06/21/18 mg/l 10 R-050.575 0.043 0.100Arsenic EPA 6010
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18E0509
Black Mountain Arsenic Transport in Drainage
Total Metals by EPA 6000/7000 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
BMD-57-10-15-3 (18E0509-64) Liquid    Sampled: 03/30/18 17:00   Received: 05/14/18 13:32
8062109 06/21/18 06/21/18 mg/l 10 R-050.266 0.043 0.100Arsenic EPA 6010
BMD-58-0-5-3 (18E0509-65) Liquid    Sampled: 03/30/18 17:00   Received: 05/14/18 13:32
8062109 06/21/18 06/21/18 mg/l 10 R-050.843 0.043 0.100Arsenic EPA 6010
BMD-58-25-30-3 (18E0509-66) Liquid    Sampled: 03/30/18 17:00   Received: 05/14/18 13:32
8062109 06/21/18 06/21/18 mg/l 10 R-050.133 0.043 0.100Arsenic EPA 6010
BMD-59-0-5-3 (18E0509-67) Liquid    Sampled: 03/30/18 17:00   Received: 05/14/18 13:32
8062109 06/21/18 06/21/18 mg/l 10 R-050.274 0.043 0.100Arsenic EPA 6010
BMD-59-25-30-3 (18E0509-68) Liquid    Sampled: 03/30/18 17:00   Received: 05/14/18 13:32
8062109 06/21/18 06/21/18 mg/l 10 R-050.299 0.043 0.100Arsenic EPA 6010
BMD-61-0-5-3 (18E0509-69) Liquid    Sampled: 03/30/18 17:00   Received: 05/14/18 13:32
8062109 06/21/18 06/21/18 mg/l 10 R-053.44 0.043 0.100Arsenic EPA 6010
BMD-61-10-15-3 (18E0509-70) Liquid    Sampled: 03/30/18 17:00   Received: 05/14/18 13:32
8062109 06/21/18 06/21/18 mg/l 10 R-052.00 0.043 0.100Arsenic EPA 6010
BMD-61-45-50-3 (18E0509-71) Liquid    Sampled: 03/30/18 17:00   Received: 05/14/18 13:32
8062109 06/21/18 06/21/18 mg/l 10 R-05, J0.050 0.043 0.100Arsenic EPA 6010
BMD-61-95-100-3 (18E0509-72) Liquid    Sampled: 03/30/18 17:00   Received: 05/14/18 13:32
8062109 06/21/18 06/21/18 mg/l 10 R-050.420 0.043 0.100Arsenic EPA 6010
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18E0509
Black Mountain Arsenic Transport in Drainage
Total Metals by EPA 6000/7000 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
BMD-01-4 (18E0509-73) Liquid    Sampled: 03/31/18 09:30   Received: 05/14/18 13:32
8062109 06/21/18 06/21/18 mg/l 10 R-05, J0.089 0.043 0.100Arsenic EPA 6010
BMD-08-4 (18E0509-74) Liquid    Sampled: 03/31/18 09:30   Received: 05/14/18 13:32
8062109 06/21/18 06/21/18 mg/l 10 R-0569.6 0.043 0.100Arsenic EPA 6010
BMD-08-dup-4 (18E0509-75) Liquid    Sampled: 03/31/18 09:30   Received: 05/14/18 13:32
8062109 06/21/18 06/21/18 mg/l 10 R-0572.6 0.043 0.100Arsenic EPA 6010
BMD-17-4 (18E0509-76) Liquid    Sampled: 03/31/18 09:30   Received: 05/14/18 13:32
8062109 06/21/18 06/21/18 mg/l 10 R-0511.9 0.043 0.100Arsenic EPA 6010
BMD-21-4 (18E0509-77) Liquid    Sampled: 03/31/18 09:30   Received: 05/14/18 13:32
8062109 06/21/18 06/21/18 mg/l 10 R-0510.7 0.043 0.100Arsenic EPA 6010
BMD-30-4 (18E0509-78) Liquid    Sampled: 03/31/18 09:30   Received: 05/14/18 13:32
8062109 06/21/18 06/21/18 mg/l 10 R-054.94 0.043 0.100Arsenic EPA 6010
BMD-38-4 (18E0509-79) Liquid    Sampled: 03/31/18 09:30   Received: 05/14/18 13:32
8062109 06/21/18 06/21/18 mg/l 10 R-050.769 0.043 0.100Arsenic EPA 6010
BMD-38-dup-4 (18E0509-80) Liquid    Sampled: 03/31/18 09:30   Received: 05/14/18 13:32
8062109 06/21/18 06/21/18 mg/l 10 R-050.916 0.043 0.100Arsenic EPA 6010
BMD-45-4 (18E0509-81) Liquid    Sampled: 03/31/18 09:30   Received: 05/14/18 13:32
8062110 06/21/18 06/22/18 mg/l 10 R-051.46 0.043 0.100Arsenic EPA 6010
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18E0509
Black Mountain Arsenic Transport in Drainage
Total Metals by EPA 6000/7000 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
BMD-50-4 (18E0509-82) Liquid    Sampled: 03/31/18 09:30   Received: 05/14/18 13:32
8062110 06/21/18 06/22/18 mg/l 10 R-051.08 0.043 0.100Arsenic EPA 6010
BMD-55-0-5-4 (18E0509-83) Liquid    Sampled: 03/31/18 09:30   Received: 05/14/18 13:32
8062110 06/21/18 06/22/18 mg/l 10 R-051.05 0.043 0.100Arsenic EPA 6010
BMD-55-10-15-4 (18E0509-84) Liquid    Sampled: 03/31/18 09:30   Received: 05/14/18 13:32
8062110 06/21/18 06/22/18 mg/l 10 R-051.45 0.043 0.100Arsenic EPA 6010
BMD-56-0-5-4 (18E0509-85) Liquid    Sampled: 03/31/18 09:30   Received: 05/14/18 13:32
8062110 06/21/18 06/22/18 mg/l 10 R-051.12 0.043 0.100Arsenic EPA 6010
BMD-56-10-15-4 (18E0509-86) Liquid    Sampled: 03/31/18 09:30   Received: 05/14/18 13:32
8062110 06/21/18 06/22/18 mg/l 10 R-050.459 0.043 0.100Arsenic EPA 6010
BMD-57-0-5-4 (18E0509-87) Liquid    Sampled: 03/31/18 09:30   Received: 05/14/18 13:32
8062110 06/21/18 06/22/18 mg/l 10 R-050.374 0.043 0.100Arsenic EPA 6010
BMD-57-10-15-4 (18E0509-88) Liquid    Sampled: 03/31/18 09:30   Received: 05/14/18 13:32
8062110 06/21/18 06/22/18 mg/l 10 R-050.441 0.043 0.100Arsenic EPA 6010
BMD-58-0-5-4 (18E0509-89) Liquid    Sampled: 03/31/18 09:30   Received: 05/14/18 13:32
8062110 06/21/18 06/22/18 mg/l 10 R-050.545 0.043 0.100Arsenic EPA 6010
BMD-58-25-30-4 (18E0509-90) Liquid    Sampled: 03/31/18 09:30   Received: 05/14/18 13:32
8062110 06/21/18 06/22/18 mg/l 10 R-050.497 0.043 0.100Arsenic EPA 6010
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18E0509
Black Mountain Arsenic Transport in Drainage
Total Metals by EPA 6000/7000 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
BMD-59-0-5-4 (18E0509-91) Liquid    Sampled: 03/31/18 09:30   Received: 05/14/18 13:32
8062110 06/21/18 06/22/18 mg/l 10 R-050.536 0.043 0.100Arsenic EPA 6010
BMD-59-25-30-4 (18E0509-92) Liquid    Sampled: 03/31/18 09:30   Received: 05/14/18 13:32
8062110 06/21/18 06/22/18 mg/l 10 R-050.203 0.043 0.100Arsenic EPA 6010
BMD-61-0-5-4 (18E0509-93) Liquid    Sampled: 03/31/18 09:30   Received: 05/14/18 13:32
8062110 06/21/18 06/22/18 mg/l 10 R-050.676 0.043 0.100Arsenic EPA 6010
BMD-61-10-15-4 (18E0509-94) Liquid    Sampled: 03/31/18 09:30   Received: 05/14/18 13:32
8062110 06/21/18 06/22/18 mg/l 10 R-051.06 0.043 0.100Arsenic EPA 6010
BMD-61-45-50-4 (18E0509-95) Liquid    Sampled: 03/31/18 09:30   Received: 05/14/18 13:32
8062110 06/21/18 06/22/18 mg/l 10 R-050.527 0.043 0.100Arsenic EPA 6010
BMD-61-95-100-4 (18E0509-96) Liquid    Sampled: 03/31/18 09:30   Received: 05/14/18 13:32
8062110 06/21/18 06/22/18 mg/l 10 R-050.379 0.043 0.100Arsenic EPA 6010
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18E0509











Limit Notes  Analyte
Total Metals by EPA 6000/7000 Series Methods - Quality Control
MDL
Batch 8062106
Blank (8062106-BLK1) Prepared & Analyzed: 06/21/18 
Arsenic mg/l0.010ND 0.004
LCS (8062106-BS1) Prepared: 06/21/18  Analyzed: 06/22/18 
Arsenic mg/l 1.00 96 75-1250.0100.963 0.004
LCS Dup (8062106-BSD1) Prepared & Analyzed: 06/21/18 
Arsenic mg/l 1.00 101 75-125 5 200.0101.01 0.004
Batch 8062107
Blank (8062107-BLK1) Prepared & Analyzed: 06/21/18 
Arsenic mg/l0.010ND 0.004
LCS (8062107-BS1) Prepared & Analyzed: 06/21/18 
Arsenic mg/l 1.00 96 75-1250.0100.956 0.004
LCS Dup (8062107-BSD1) Prepared & Analyzed: 06/21/18 
Arsenic mg/l 1.00 95 75-125 0.6 200.0100.951 0.004
Batch 8062108
Blank (8062108-BLK1) Prepared & Analyzed: 06/21/18 
Arsenic mg/l0.010ND 0.004
LCS (8062108-BS1) Prepared & Analyzed: 06/21/18 
Arsenic mg/l 1.00 94 75-1250.0100.941 0.004
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18E0509











Limit Notes  Analyte
Total Metals by EPA 6000/7000 Series Methods - Quality Control
MDL
Batch 8062108
LCS Dup (8062108-BSD1) Prepared & Analyzed: 06/21/18 
Arsenic mg/l 1.00 95 75-125 0.8 200.0100.949 0.004
Batch 8062109
Blank (8062109-BLK1) Prepared & Analyzed: 06/21/18 
Arsenic mg/l0.010ND 0.004
LCS (8062109-BS1) Prepared & Analyzed: 06/21/18 
Arsenic mg/l 1.00 92 75-1250.0100.920 0.004
LCS Dup (8062109-BSD1) Prepared & Analyzed: 06/21/18 
Arsenic mg/l 1.00 93 75-125 1 200.0100.933 0.004
Batch 8062110
Blank (8062110-BLK1) Prepared: 06/21/18  Analyzed: 06/22/18 
Arsenic mg/l0.010ND 0.004
LCS (8062110-BS1) Prepared: 06/21/18  Analyzed: 06/22/18 
Arsenic mg/l 1.00 98 75-1250.0100.977 0.004
LCS Dup (8062110-BSD1) Prepared: 06/21/18  Analyzed: 06/22/18 
Arsenic mg/l 1.00 99 75-125 1 200.0100.986 0.004
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18E0509
Black Mountain Arsenic Transport in Drainage
Notes and Definitions 
R-05 The sample was diluted due to the presence of high levels of non-target analytes resulting in elevated reporting limits.
J Detected but below the Reporting Limit; therefore, result is an estimated concentration (CLP J-Flag).




Analyte NOT DETECTED at or above the reporting limit (or method detection limit when specified)ND
MDL Method detection limit (indicated per client's request)
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.














University of San Diego
Black Mountain Arsenic Transport in Drainage
San Diego, CA 92110
5998 Alcala Park
Beth O'Shea, PhD
Enclosed are the results of analyses for samples received by the laboratory on 05/14/18 13:32.  Samples were 
analyzed pursuant to client request utilizing EPA or other ELAP approved methodologies.  I certify that this 
data is in compliance both technically and for completeness.  
23 June 2018
Attn:
EMA Log #: 18E0508
Laboratory Director
Dan Verdon
CA ELAP Certification #: 2564
Project Name:
4340 Viewridge Avenue, Suite A - San Diego, California 92123 - (858) 560-7717 - Fax (858) 560-7763
Analytical Chemistry Laboratory
USD Goal VaProject Desc./#:
123
Project Name:
University of San DiegoClient Name: EMA Log #:  18E0508
Black Mountain Arsenic Transport in Drainage
Sample ID Laboratory ID Matrix Date Sampled
ANALYTICAL REPORT FOR SAMPLES
Date Received
BMD-63-1 18E0508-01 05/10/18 12:15 05/14/18 13:32Liquid
BMD-65-1 18E0508-02 05/10/18 12:15 05/14/18 13:32Liquid
BMD-69-1 18E0508-03 05/10/18 12:15 05/14/18 13:32Liquid
BMD-69-dup-1 18E0508-04 05/10/18 12:15 05/14/18 13:32Liquid
BMD-71-1 18E0508-05 05/10/18 12:15 05/14/18 13:32Liquid
BMD-74-1 18E0508-06 05/10/18 12:15 05/14/18 13:32Liquid
BMD-77-1 18E0508-07 05/10/18 12:15 05/14/18 13:32Liquid
BMD-79-1 18E0508-08 05/10/18 12:15 05/14/18 13:32Liquid
BMD-82-1 18E0508-09 05/10/18 12:15 05/14/18 13:32Liquid
VARVE-20170429-1 18E0508-10 05/10/18 12:15 05/14/18 13:32Liquid
Mk001-1 18E0508-11 05/10/18 12:15 05/14/18 13:32Liquid
Mk003-1 18E0508-12 05/10/18 12:15 05/14/18 13:32Liquid
Mk005-1 18E0508-13 05/10/18 12:15 05/14/18 13:32Liquid
Mr002-1 18E0508-14 05/10/18 12:15 05/14/18 13:32Liquid
R003wp-1 18E0508-15 05/10/18 12:15 05/14/18 13:32Liquid
R008f-1 18E0508-16 05/10/18 12:15 05/14/18 13:32Liquid
R010f-1 18E0508-17 05/10/18 12:15 05/14/18 13:32Liquid
R014f-w-1 18E0508-18 05/10/18 12:15 05/14/18 13:32Liquid
R016f-w-1 18E0508-19 05/10/18 12:15 05/14/18 13:32Liquid
R020i-1 18E0508-20 05/10/18 12:15 05/14/18 13:32Liquid
R023i-1 18E0508-21 05/10/18 12:15 05/14/18 13:32Liquid
R024wp-1 18E0508-22 05/10/18 12:15 05/14/18 13:32Liquid
R051i-1 18E0508-23 05/10/18 12:15 05/14/18 13:32Liquid
R058i-1 18E0508-24 05/10/18 12:15 05/14/18 13:32Liquid
BMD-63-2 18E0508-25 05/10/18 15:00 05/14/18 13:32Liquid
BMD-65-2 18E0508-26 05/10/18 15:00 05/14/18 13:32Liquid
BMD-69-2 18E0508-27 05/10/18 15:00 05/14/18 13:32Liquid
BMD-69-dup-2 18E0508-28 05/10/18 15:00 05/14/18 13:32Liquid
BMD-71-2 18E0508-29 05/10/18 15:00 05/14/18 13:32Liquid
BMD-74-2 18E0508-30 05/10/18 15:00 05/14/18 13:32Liquid
BMD-77-2 18E0508-31 05/10/18 15:00 05/14/18 13:32Liquid
BMD-79-2 18E0508-32 05/10/18 15:00 05/14/18 13:32Liquid
BMD-82-2 18E0508-33 05/10/18 15:00 05/14/18 13:32Liquid
VARVE-20170429-2 18E0508-34 05/10/18 15:00 05/14/18 13:32Liquid
Mk001-2 18E0508-35 05/10/18 15:00 05/14/18 13:32Liquid
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18E0508
Black Mountain Arsenic Transport in Drainage
Sample ID Laboratory ID Matrix Date Sampled
ANALYTICAL REPORT FOR SAMPLES
Date Received
Mk003-2 18E0508-36 05/10/18 15:00 05/14/18 13:32Liquid
Mk005-2 18E0508-37 05/10/18 15:00 05/14/18 13:32Liquid
Mr002-2 18E0508-38 05/10/18 15:00 05/14/18 13:32Liquid
R003wp-2 18E0508-39 05/10/18 15:00 05/14/18 13:32Liquid
R008f-2 18E0508-40 05/10/18 15:00 05/14/18 13:32Liquid
R010f-2 18E0508-41 05/10/18 15:00 05/14/18 13:32Liquid
R014f-N-2 18E0508-42 05/10/18 15:00 05/14/18 13:32Liquid
R016f-w-2 18E0508-43 05/10/18 15:00 05/14/18 13:32Liquid
R020i-2 18E0508-44 05/10/18 15:00 05/14/18 13:32Liquid
R023i-2 18E0508-45 05/10/18 15:00 05/14/18 13:32Liquid
R024wp-2 18E0508-46 05/10/18 15:00 05/14/18 13:32Liquid
R051i-2 18E0508-47 05/10/18 15:00 05/14/18 13:32Liquid
R058i-2 18E0508-48 05/10/18 15:00 05/14/18 13:32Liquid
BMD-63-3 18E0508-49 05/11/18 15:30 05/14/18 13:32Liquid
BMD-65-3 18E0508-50 05/11/18 15:30 05/14/18 13:32Liquid
BMD-69-3 18E0508-51 05/11/18 15:30 05/14/18 13:32Liquid
BMD-69-dup-3 18E0508-52 05/11/18 15:30 05/14/18 13:32Liquid
BMD-71-3 18E0508-53 05/11/18 15:30 05/14/18 13:32Liquid
BMD-74-3 18E0508-54 05/11/18 15:30 05/14/18 13:32Liquid
BMD-77-3 18E0508-55 05/11/18 15:30 05/14/18 13:32Liquid
BMD-79-3 18E0508-56 05/11/18 15:30 05/14/18 13:32Liquid
BMD-82-3 18E0508-57 05/11/18 15:30 05/14/18 13:32Liquid
VARVE-20170429-3 18E0508-58 05/11/18 15:30 05/14/18 13:32Liquid
Mk001-3 18E0508-59 05/11/18 15:30 05/14/18 13:32Liquid
Mk003-3 18E0508-60 05/11/18 15:30 05/14/18 13:32Liquid
Mk005-3 18E0508-61 05/11/18 15:30 05/14/18 13:32Liquid
Mr002-3 18E0508-62 05/11/18 15:30 05/14/18 13:32Liquid
R003wp-3 18E0508-63 05/11/18 15:30 05/14/18 13:32Liquid
R008f-3 18E0508-64 05/11/18 15:30 05/14/18 13:32Liquid
R010f-3 18E0508-65 05/11/18 15:30 05/14/18 13:32Liquid
R014f-w-3 18E0508-66 05/11/18 15:30 05/14/18 13:32Liquid
R016f-w-3 18E0508-67 05/11/18 15:30 05/14/18 13:32Liquid
R020i-3 18E0508-68 05/11/18 15:30 05/14/18 13:32Liquid
R023i-3 18E0508-69 05/11/18 15:30 05/14/18 13:32Liquid
R024wp-3 18E0508-70 05/11/18 15:30 05/14/18 13:32Liquid
R051i-3 18E0508-71 05/11/18 15:30 05/14/18 13:32Liquid
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18E0508
Black Mountain Arsenic Transport in Drainage
Sample ID Laboratory ID Matrix Date Sampled
ANALYTICAL REPORT FOR SAMPLES
Date Received
R058i-3 18E0508-72 05/11/18 15:30 05/14/18 13:32Liquid
BMD-63-4 18E0508-73 05/11/18 18:15 05/14/18 13:32Liquid
BMD-65-4 18E0508-74 05/11/18 18:15 05/14/18 13:32Liquid
BMD-69-4 18E0508-75 05/11/18 18:15 05/14/18 13:32Liquid
BMD-69-dup-4 18E0508-76 05/11/18 18:15 05/14/18 13:32Liquid
BMD-71-4 18E0508-77 05/11/18 18:15 05/14/18 13:32Liquid
BMD-74-4 18E0508-78 05/11/18 18:15 05/14/18 13:32Liquid
BMD-77-4 18E0508-79 05/11/18 18:15 05/14/18 13:32Liquid
BMD-79-4 18E0508-80 05/11/18 18:15 05/14/18 13:32Liquid
BMD-82-4 18E0508-81 05/11/18 18:15 05/14/18 13:32Liquid
VARVE-20170429-4 18E0508-82 05/11/18 18:15 05/14/18 13:32Liquid
Mk001-4 18E0508-83 05/11/18 18:15 05/14/18 13:32Liquid
Mk003-4 18E0508-84 05/11/18 18:15 05/14/18 13:32Liquid
Mk005-4 18E0508-85 05/11/18 18:15 05/14/18 13:32Liquid
Mr002-4 18E0508-86 05/11/18 18:15 05/14/18 13:32Liquid
R003wp-4 18E0508-87 05/11/18 18:15 05/14/18 13:32Liquid
R008f-4 18E0508-88 05/11/18 18:15 05/14/18 13:32Liquid
R010f-4 18E0508-89 05/11/18 18:15 05/14/18 13:32Liquid
R014f-w-4 18E0508-90 05/11/18 18:15 05/14/18 13:32Liquid
R016f-w-4 18E0508-91 05/11/18 18:15 05/14/18 13:32Liquid
R020i-4 18E0508-92 05/11/18 18:15 05/14/18 13:32Liquid
R023i-4 18E0508-93 05/11/18 18:15 05/14/18 13:32Liquid
R024wp-4 18E0508-94 05/11/18 18:15 05/14/18 13:32Liquid
R051i-4 18E0508-95 05/11/18 18:15 05/14/18 13:32Liquid
R058i-4 18E0508-96 05/11/18 18:15 05/14/18 13:32Liquid
 SAMPLE MATRIX NOTE :
ID'S ENDING IN:
"-1" = MgCl2
"-2" = NH2OH-HCL and HNO3
"-3" = H2O2, HNO3, and NH4Ac
"-4" = (NH4)2C2O4 and C2H2O4  
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18E0508
Black Mountain Arsenic Transport in Drainage
Total Metals by EPA 6000/7000 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
BMD-63-1 (18E0508-01) Liquid    Sampled: 05/10/18 12:15   Received: 05/14/18 13:32
EPA 601006/08/18 06/14/18 mg/l 806081010Arsenic R-05ND 0.1000.043
BMD-65-1 (18E0508-02) Liquid    Sampled: 05/10/18 12:15   Received: 05/14/18 13:32
EPA 601006/08/18 06/14/18 mg/l 806081010Arsenic R-05ND 0.1000.043
BMD-69-1 (18E0508-03) Liquid    Sampled: 05/10/18 12:15   Received: 05/14/18 13:32
EPA 601006/08/18 06/14/18 mg/l 806081010Arsenic R-05ND 0.1000.043
BMD-69-dup-1 (18E0508-04) Liquid    Sampled: 05/10/18 12:15   Received: 05/14/18 13:32
EPA 601006/08/18 06/14/18 mg/l 806081010Arsenic R-05ND 0.1000.043
BMD-71-1 (18E0508-05) Liquid    Sampled: 05/10/18 12:15   Received: 05/14/18 13:32
8060810 06/08/18 06/14/18 mg/l 10 R-050.116 0.043 0.100Arsenic EPA 6010
BMD-74-1 (18E0508-06) Liquid    Sampled: 05/10/18 12:15   Received: 05/14/18 13:32
EPA 601006/08/18 06/14/18 mg/l 806081010Arsenic R-05ND 0.1000.043
BMD-77-1 (18E0508-07) Liquid    Sampled: 05/10/18 12:15   Received: 05/14/18 13:32
EPA 601006/08/18 06/14/18 mg/l 806081010Arsenic R-05ND 0.1000.043
BMD-79-1 (18E0508-08) Liquid    Sampled: 05/10/18 12:15   Received: 05/14/18 13:32
EPA 601006/08/18 06/14/18 mg/l 806081010Arsenic R-05ND 0.1000.043
BMD-82-1 (18E0508-09) Liquid    Sampled: 05/10/18 12:15   Received: 05/14/18 13:32
EPA 601006/08/18 06/14/18 mg/l 806081010Arsenic R-05ND 0.1000.043
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18E0508
Black Mountain Arsenic Transport in Drainage
Total Metals by EPA 6000/7000 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
VARVE-20170429-1 (18E0508-10) Liquid    Sampled: 05/10/18 12:15   Received: 05/14/18 13:32
8060810 06/08/18 06/14/18 mg/l 10 R-051.48 0.043 0.100Arsenic EPA 6010
Mk001-1 (18E0508-11) Liquid    Sampled: 05/10/18 12:15   Received: 05/14/18 13:32
8060810 06/08/18 06/14/18 mg/l 10 R-050.504 0.043 0.100Arsenic EPA 6010
Mk003-1 (18E0508-12) Liquid    Sampled: 05/10/18 12:15   Received: 05/14/18 13:32
EPA 601006/08/18 06/14/18 mg/l 806081010Arsenic R-05ND 0.1000.043
Mk005-1 (18E0508-13) Liquid    Sampled: 05/10/18 12:15   Received: 05/14/18 13:32
8060810 06/08/18 06/14/18 mg/l 10 R-050.411 0.043 0.100Arsenic EPA 6010
Mr002-1 (18E0508-14) Liquid    Sampled: 05/10/18 12:15   Received: 05/14/18 13:32
EPA 601006/08/18 06/14/18 mg/l 806081010Arsenic R-05ND 0.1000.043
R003wp-1 (18E0508-15) Liquid    Sampled: 05/10/18 12:15   Received: 05/14/18 13:32
EPA 601006/08/18 06/14/18 mg/l 806081010Arsenic R-05ND 0.1000.043
R008f-1 (18E0508-16) Liquid    Sampled: 05/10/18 12:15   Received: 05/14/18 13:32
EPA 601006/08/18 06/14/18 mg/l 806081010Arsenic R-05ND 0.1000.043
R010f-1 (18E0508-17) Liquid    Sampled: 05/10/18 12:15   Received: 05/14/18 13:32
EPA 601006/08/18 06/14/18 mg/l 806081010Arsenic R-05ND 0.1000.043
R014f-w-1 (18E0508-18) Liquid    Sampled: 05/10/18 12:15   Received: 05/14/18 13:32
EPA 601006/08/18 06/14/18 mg/l 806081010Arsenic R-05ND 0.1000.043
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18E0508
Black Mountain Arsenic Transport in Drainage
Total Metals by EPA 6000/7000 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
R016f-w-1 (18E0508-19) Liquid    Sampled: 05/10/18 12:15   Received: 05/14/18 13:32
EPA 601006/08/18 06/14/18 mg/l 806081010Arsenic R-05ND 0.1000.043
R020i-1 (18E0508-20) Liquid    Sampled: 05/10/18 12:15   Received: 05/14/18 13:32
8060810 06/08/18 06/14/18 mg/l 10 R-050.112 0.043 0.100Arsenic EPA 6010
R023i-1 (18E0508-21) Liquid    Sampled: 05/10/18 12:15   Received: 05/14/18 13:32
8060811 06/08/18 06/15/18 mg/l 10 R-051.57 0.043 0.100Arsenic EPA 6010
R024wp-1 (18E0508-22) Liquid    Sampled: 05/10/18 12:15   Received: 05/14/18 13:32
EPA 601006/08/18 06/15/18 mg/l 806081110Arsenic R-05ND 0.1000.043
R051i-1 (18E0508-23) Liquid    Sampled: 05/10/18 12:15   Received: 05/14/18 13:32
EPA 601006/08/18 06/15/18 mg/l 806081110Arsenic R-05ND 0.1000.043
R058i-1 (18E0508-24) Liquid    Sampled: 05/10/18 12:15   Received: 05/14/18 13:32
EPA 601006/08/18 06/15/18 mg/l 806081110Arsenic R-05ND 0.1000.043
BMD-63-2 (18E0508-25) Liquid    Sampled: 05/10/18 15:00   Received: 05/14/18 13:32
8060811 06/08/18 06/15/18 mg/l 10 R-050.175 0.043 0.100Arsenic EPA 6010
BMD-65-2 (18E0508-26) Liquid    Sampled: 05/10/18 15:00   Received: 05/14/18 13:32
8060811 06/08/18 06/15/18 mg/l 10 R-050.111 0.043 0.100Arsenic EPA 6010
BMD-69-2 (18E0508-27) Liquid    Sampled: 05/10/18 15:00   Received: 05/14/18 13:32
8060811 06/08/18 06/15/18 mg/l 10 R-05, J0.072 0.043 0.100Arsenic EPA 6010
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18E0508
Black Mountain Arsenic Transport in Drainage
Total Metals by EPA 6000/7000 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
BMD-69-dup-2 (18E0508-28) Liquid    Sampled: 05/10/18 15:00   Received: 05/14/18 13:32
8060811 06/08/18 06/15/18 mg/l 10 R-05, J0.073 0.043 0.100Arsenic EPA 6010
BMD-71-2 (18E0508-29) Liquid    Sampled: 05/10/18 15:00   Received: 05/14/18 13:32
8060811 06/08/18 06/15/18 mg/l 10 R-050.109 0.043 0.100Arsenic EPA 6010
BMD-74-2 (18E0508-30) Liquid    Sampled: 05/10/18 15:00   Received: 05/14/18 13:32
EPA 601006/08/18 06/15/18 mg/l 806081110Arsenic R-05ND 0.1000.043
BMD-77-2 (18E0508-31) Liquid    Sampled: 05/10/18 15:00   Received: 05/14/18 13:32
8060811 06/08/18 06/15/18 mg/l 10 R-05, J0.063 0.043 0.100Arsenic EPA 6010
BMD-79-2 (18E0508-32) Liquid    Sampled: 05/10/18 15:00   Received: 05/14/18 13:32
8060811 06/08/18 06/15/18 mg/l 10 R-05, J0.049 0.043 0.100Arsenic EPA 6010
BMD-82-2 (18E0508-33) Liquid    Sampled: 05/10/18 15:00   Received: 05/14/18 13:32
8060811 06/08/18 06/15/18 mg/l 10 R-05, J0.054 0.043 0.100Arsenic EPA 6010
VARVE-20170429-2 (18E0508-34) Liquid    Sampled: 05/10/18 15:00   Received: 05/14/18 13:32
8060811 06/08/18 06/15/18 mg/l 10 R-053.71 0.043 0.100Arsenic EPA 6010
Mk001-2 (18E0508-35) Liquid    Sampled: 05/10/18 15:00   Received: 05/14/18 13:32
8060811 06/08/18 06/15/18 mg/l 10 R-051.49 0.043 0.100Arsenic EPA 6010
Mk003-2 (18E0508-36) Liquid    Sampled: 05/10/18 15:00   Received: 05/14/18 13:32
8060811 06/08/18 06/15/18 mg/l 10 R-050.224 0.043 0.100Arsenic EPA 6010
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18E0508
Black Mountain Arsenic Transport in Drainage
Total Metals by EPA 6000/7000 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
Mk005-2 (18E0508-37) Liquid    Sampled: 05/10/18 15:00   Received: 05/14/18 13:32
8060811 06/08/18 06/15/18 mg/l 10 R-050.705 0.043 0.100Arsenic EPA 6010
Mr002-2 (18E0508-38) Liquid    Sampled: 05/10/18 15:00   Received: 05/14/18 13:32
8060811 06/08/18 06/15/18 mg/l 10 R-050.161 0.043 0.100Arsenic EPA 6010
R003wp-2 (18E0508-39) Liquid    Sampled: 05/10/18 15:00   Received: 05/14/18 13:32
EPA 601006/08/18 06/15/18 mg/l 806081110Arsenic R-05ND 0.1000.043
R008f-2 (18E0508-40) Liquid    Sampled: 05/10/18 15:00   Received: 05/14/18 13:32
8060811 06/08/18 06/15/18 mg/l 10 R-05, J0.051 0.043 0.100Arsenic EPA 6010
R010f-2 (18E0508-41) Liquid    Sampled: 05/10/18 15:00   Received: 05/14/18 13:32
EPA 601006/08/18 06/22/18 mg/l 806081210Arsenic R-05ND 0.1000.043
R014f-N-2 (18E0508-42) Liquid    Sampled: 05/10/18 15:00   Received: 05/14/18 13:32
EPA 601006/08/18 06/22/18 mg/l 806081210Arsenic R-05ND 0.1000.043
R016f-w-2 (18E0508-43) Liquid    Sampled: 05/10/18 15:00   Received: 05/14/18 13:32
EPA 601006/08/18 06/22/18 mg/l 806081210Arsenic R-05ND 0.1000.043
R020i-2 (18E0508-44) Liquid    Sampled: 05/10/18 15:00   Received: 05/14/18 13:32
8060812 06/08/18 06/22/18 mg/l 10 R-051.64 0.043 0.100Arsenic EPA 6010
R023i-2 (18E0508-45) Liquid    Sampled: 05/10/18 15:00   Received: 05/14/18 13:32
8060812 06/08/18 06/22/18 mg/l 10 R-051.80 0.043 0.100Arsenic EPA 6010
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18E0508
Black Mountain Arsenic Transport in Drainage
Total Metals by EPA 6000/7000 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
R024wp-2 (18E0508-46) Liquid    Sampled: 05/10/18 15:00   Received: 05/14/18 13:32
8060812 06/08/18 06/22/18 mg/l 10 R-05, J0.056 0.043 0.100Arsenic EPA 6010
R051i-2 (18E0508-47) Liquid    Sampled: 05/10/18 15:00   Received: 05/14/18 13:32
8060812 06/08/18 06/22/18 mg/l 10 R-05, J0.059 0.043 0.100Arsenic EPA 6010
R058i-2 (18E0508-48) Liquid    Sampled: 05/10/18 15:00   Received: 05/14/18 13:32
8060812 06/08/18 06/22/18 mg/l 10 R-050.137 0.043 0.100Arsenic EPA 6010
BMD-63-3 (18E0508-49) Liquid    Sampled: 05/11/18 15:30   Received: 05/14/18 13:32
8060812 06/08/18 06/22/18 mg/l 10 R-050.357 0.043 0.100Arsenic EPA 6010
BMD-65-3 (18E0508-50) Liquid    Sampled: 05/11/18 15:30   Received: 05/14/18 13:32
8060812 06/08/18 06/22/18 mg/l 10 R-050.185 0.043 0.100Arsenic EPA 6010
BMD-69-3 (18E0508-51) Liquid    Sampled: 05/11/18 15:30   Received: 05/14/18 13:32
8060812 06/08/18 06/22/18 mg/l 10 R-050.399 0.043 0.100Arsenic EPA 6010
BMD-69-dup-3 (18E0508-52) Liquid    Sampled: 05/11/18 15:30   Received: 05/14/18 13:32
8060812 06/08/18 06/22/18 mg/l 10 R-050.607 0.043 0.100Arsenic EPA 6010
BMD-71-3 (18E0508-53) Liquid    Sampled: 05/11/18 15:30   Received: 05/14/18 13:32
8060812 06/08/18 06/22/18 mg/l 10 R-051.66 0.043 0.100Arsenic EPA 6010
BMD-74-3 (18E0508-54) Liquid    Sampled: 05/11/18 15:30   Received: 05/14/18 13:32
8060812 06/08/18 06/22/18 mg/l 10 R-050.132 0.043 0.100Arsenic EPA 6010
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18E0508
Black Mountain Arsenic Transport in Drainage
Total Metals by EPA 6000/7000 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
BMD-77-3 (18E0508-55) Liquid    Sampled: 05/11/18 15:30   Received: 05/14/18 13:32
8060812 06/08/18 06/22/18 mg/l 10 R-05, J0.049 0.043 0.100Arsenic EPA 6010
BMD-79-3 (18E0508-56) Liquid    Sampled: 05/11/18 15:30   Received: 05/14/18 13:32
8060812 06/08/18 06/22/18 mg/l 10 R-050.106 0.043 0.100Arsenic EPA 6010
BMD-82-3 (18E0508-57) Liquid    Sampled: 05/11/18 15:30   Received: 05/14/18 13:32
8060812 06/08/18 06/22/18 mg/l 10 R-050.215 0.043 0.100Arsenic EPA 6010
VARVE-20170429-3 (18E0508-58) Liquid    Sampled: 05/11/18 15:30   Received: 05/14/18 13:32
8060812 06/08/18 06/22/18 mg/l 10 R-050.745 0.043 0.100Arsenic EPA 6010
Mk001-3 (18E0508-59) Liquid    Sampled: 05/11/18 15:30   Received: 05/14/18 13:32
8060812 06/08/18 06/22/18 mg/l 10 R-050.345 0.043 0.100Arsenic EPA 6010
Mk003-3 (18E0508-60) Liquid    Sampled: 05/11/18 15:30   Received: 05/14/18 13:32
8060812 06/08/18 06/22/18 mg/l 10 R-050.179 0.043 0.100Arsenic EPA 6010
Mk005-3 (18E0508-61) Liquid    Sampled: 05/11/18 15:30   Received: 05/14/18 13:32
8061508 06/15/18 06/15/18 mg/l 10 R-050.858 0.043 0.100Arsenic EPA 6010
Mr002-3 (18E0508-62) Liquid    Sampled: 05/11/18 15:30   Received: 05/14/18 13:32
8061508 06/15/18 06/15/18 mg/l 10 R-050.261 0.043 0.100Arsenic EPA 6010
R003wp-3 (18E0508-63) Liquid    Sampled: 05/11/18 15:30   Received: 05/14/18 13:32
8061508 06/15/18 06/15/18 mg/l 10 R-05, J0.050 0.043 0.100Arsenic EPA 6010
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18E0508
Black Mountain Arsenic Transport in Drainage
Total Metals by EPA 6000/7000 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
R008f-3 (18E0508-64) Liquid    Sampled: 05/11/18 15:30   Received: 05/14/18 13:32
8061508 06/15/18 06/15/18 mg/l 10 R-050.142 0.043 0.100Arsenic EPA 6010
R010f-3 (18E0508-65) Liquid    Sampled: 05/11/18 15:30   Received: 05/14/18 13:32
EPA 601006/15/18 06/15/18 mg/l 806150810Arsenic R-05ND 0.1000.043
R014f-w-3 (18E0508-66) Liquid    Sampled: 05/11/18 15:30   Received: 05/14/18 13:32
8061508 06/15/18 06/15/18 mg/l 10 R-05, J0.045 0.043 0.100Arsenic EPA 6010
R016f-w-3 (18E0508-67) Liquid    Sampled: 05/11/18 15:30   Received: 05/14/18 13:32
EPA 601006/15/18 06/15/18 mg/l 806150810Arsenic R-05ND 0.1000.043
R020i-3 (18E0508-68) Liquid    Sampled: 05/11/18 15:30   Received: 05/14/18 13:32
8061508 06/15/18 06/15/18 mg/l 10 R-050.985 0.043 0.100Arsenic EPA 6010
R023i-3 (18E0508-69) Liquid    Sampled: 05/11/18 15:30   Received: 05/14/18 13:32
8061508 06/15/18 06/15/18 mg/l 10 R-050.231 0.043 0.100Arsenic EPA 6010
R024wp-3 (18E0508-70) Liquid    Sampled: 05/11/18 15:30   Received: 05/14/18 13:32
8061508 06/15/18 06/15/18 mg/l 10 R-05, J0.056 0.043 0.100Arsenic EPA 6010
R051i-3 (18E0508-71) Liquid    Sampled: 05/11/18 15:30   Received: 05/14/18 13:32
8061508 06/15/18 06/15/18 mg/l 10 R-05, J0.048 0.043 0.100Arsenic EPA 6010
R058i-3 (18E0508-72) Liquid    Sampled: 05/11/18 15:30   Received: 05/14/18 13:32
EPA 601006/15/18 06/15/18 mg/l 806150810Arsenic R-05ND 0.1000.043
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18E0508
Black Mountain Arsenic Transport in Drainage
Total Metals by EPA 6000/7000 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
BMD-63-4 (18E0508-73) Liquid    Sampled: 05/11/18 18:15   Received: 05/14/18 13:32
8061508 06/15/18 06/15/18 mg/l 10 R-057.32 0.043 0.100Arsenic EPA 6010
BMD-65-4 (18E0508-74) Liquid    Sampled: 05/11/18 18:15   Received: 05/14/18 13:32
8061508 06/15/18 06/15/18 mg/l 10 R-051.05 0.043 0.100Arsenic EPA 6010
BMD-69-4 (18E0508-75) Liquid    Sampled: 05/11/18 18:15   Received: 05/14/18 13:32
8061508 06/15/18 06/15/18 mg/l 10 R-050.419 0.043 0.100Arsenic EPA 6010
BMD-69-dup-4 (18E0508-76) Liquid    Sampled: 05/11/18 18:15   Received: 05/14/18 13:32
8061508 06/15/18 06/15/18 mg/l 10 R-050.599 0.043 0.100Arsenic EPA 6010
BMD-71-4 (18E0508-77) Liquid    Sampled: 05/11/18 18:15   Received: 05/14/18 13:32
8061508 06/15/18 06/15/18 mg/l 10 R-050.350 0.043 0.100Arsenic EPA 6010
BMD-74-4 (18E0508-78) Liquid    Sampled: 05/11/18 18:15   Received: 05/14/18 13:32
8061508 06/15/18 06/15/18 mg/l 10 R-050.250 0.043 0.100Arsenic EPA 6010
BMD-77-4 (18E0508-79) Liquid    Sampled: 05/11/18 18:15   Received: 05/14/18 13:32
8061508 06/15/18 06/15/18 mg/l 10 R-050.213 0.043 0.100Arsenic EPA 6010
BMD-79-4 (18E0508-80) Liquid    Sampled: 05/11/18 18:15   Received: 05/14/18 13:32
8061508 06/15/18 06/15/18 mg/l 10 R-050.316 0.043 0.100Arsenic EPA 6010
BMD-82-4 (18E0508-81) Liquid    Sampled: 05/11/18 18:15   Received: 05/14/18 13:32
8061509 06/15/18 06/15/18 mg/l 10 R-050.404 0.043 0.100Arsenic EPA 6010
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18E0508
Black Mountain Arsenic Transport in Drainage
Total Metals by EPA 6000/7000 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
VARVE-20170429-4 (18E0508-82) Liquid    Sampled: 05/11/18 18:15   Received: 05/14/18 13:32
8061509 06/15/18 06/15/18 mg/l 10 R-0536.4 0.043 0.100Arsenic EPA 6010
Mk001-4 (18E0508-83) Liquid    Sampled: 05/11/18 18:15   Received: 05/14/18 13:32
8061509 06/15/18 06/15/18 mg/l 10 R-0589.0 0.043 0.100Arsenic EPA 6010
Mk003-4 (18E0508-84) Liquid    Sampled: 05/11/18 18:15   Received: 05/14/18 13:32
8061509 06/15/18 06/15/18 mg/l 10 R-055.40 0.043 0.100Arsenic EPA 6010
Mk005-4 (18E0508-85) Liquid    Sampled: 05/11/18 18:15   Received: 05/14/18 13:32
8061509 06/15/18 06/15/18 mg/l 10 R-0520.8 0.043 0.100Arsenic EPA 6010
Mr002-4 (18E0508-86) Liquid    Sampled: 05/11/18 18:15   Received: 05/14/18 13:32
8061509 06/15/18 06/15/18 mg/l 10 R-059.27 0.043 0.100Arsenic EPA 6010
R003wp-4 (18E0508-87) Liquid    Sampled: 05/11/18 18:15   Received: 05/14/18 13:32
8061509 06/15/18 06/15/18 mg/l 10 R-050.631 0.043 0.100Arsenic EPA 6010
R008f-4 (18E0508-88) Liquid    Sampled: 05/11/18 18:15   Received: 05/14/18 13:32
8061509 06/15/18 06/15/18 mg/l 10 R-053.48 0.043 0.100Arsenic EPA 6010
R010f-4 (18E0508-89) Liquid    Sampled: 05/11/18 18:15   Received: 05/14/18 13:32
8061509 06/15/18 06/15/18 mg/l 10 R-050.320 0.043 0.100Arsenic EPA 6010
R014f-w-4 (18E0508-90) Liquid    Sampled: 05/11/18 18:15   Received: 05/14/18 13:32
8061509 06/15/18 06/15/18 mg/l 10 R-050.168 0.043 0.100Arsenic EPA 6010
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18E0508
Black Mountain Arsenic Transport in Drainage
Total Metals by EPA 6000/7000 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
R016f-w-4 (18E0508-91) Liquid    Sampled: 05/11/18 18:15   Received: 05/14/18 13:32
8061509 06/15/18 06/15/18 mg/l 10 R-050.475 0.043 0.100Arsenic EPA 6010
R020i-4 (18E0508-92) Liquid    Sampled: 05/11/18 18:15   Received: 05/14/18 13:32
8061509 06/15/18 06/18/18 mg/l 10 R-0560.8 0.043 0.100Arsenic EPA 6010
R023i-4 (18E0508-93) Liquid    Sampled: 05/11/18 18:15   Received: 05/14/18 13:32
8061509 06/15/18 06/18/18 mg/l 10 R-05216 0.043 0.100Arsenic EPA 6010
R024wp-4 (18E0508-94) Liquid    Sampled: 05/11/18 18:15   Received: 05/14/18 13:32
8061509 06/15/18 06/18/18 mg/l 10 R-052.70 0.043 0.100Arsenic EPA 6010
R051i-4 (18E0508-95) Liquid    Sampled: 05/11/18 18:15   Received: 05/14/18 13:32
8061509 06/15/18 06/18/18 mg/l 10 R-050.272 0.043 0.100Arsenic EPA 6010
R058i-4 (18E0508-96) Liquid    Sampled: 05/11/18 18:15   Received: 05/14/18 13:32
8061509 06/15/18 06/18/18 mg/l 10 R-050.485 0.043 0.100Arsenic EPA 6010
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18E0508











Limit Notes  Analyte
Total Metals by EPA 6000/7000 Series Methods - Quality Control
MDL
Batch 8060810
Blank (8060810-BLK1) Prepared: 06/08/18  Analyzed: 06/14/18 
Arsenic mg/l0.010ND 0.004
LCS (8060810-BS1) Prepared: 06/08/18  Analyzed: 06/14/18 
Arsenic mg/l 1.00 91 75-1250.0100.906 0.004
LCS Dup (8060810-BSD1) Prepared: 06/08/18  Analyzed: 06/14/18 
Arsenic mg/l 1.00 91 75-125 0.6 200.0100.912 0.004
Batch 8060811
Blank (8060811-BLK1) Prepared: 06/08/18  Analyzed: 06/15/18 
Arsenic mg/l0.010ND 0.004
LCS (8060811-BS1) Prepared: 06/08/18  Analyzed: 06/15/18 
Arsenic mg/l 1.00 102 75-1250.0101.02 0.004
LCS Dup (8060811-BSD1) Prepared: 06/08/18  Analyzed: 06/15/18 
Arsenic mg/l 1.00 100 75-125 2 200.0100.996 0.004
Batch 8060812
Blank (8060812-BLK1) Prepared: 06/08/18  Analyzed: 06/22/18 
Arsenic mg/l0.010ND 0.004
LCS (8060812-BS1) Prepared: 06/08/18  Analyzed: 06/22/18 
Arsenic mg/l 1.00 97 75-1250.0100.971 0.004
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18E0508











Limit Notes  Analyte
Total Metals by EPA 6000/7000 Series Methods - Quality Control
MDL
Batch 8060812
LCS Dup (8060812-BSD1) Prepared: 06/08/18  Analyzed: 06/22/18 
Arsenic mg/l 1.00 99 75-125 2 200.0100.987 0.004
Batch 8061508
Blank (8061508-BLK1) Prepared & Analyzed: 06/15/18 
Arsenic mg/l0.010ND 0.004
LCS (8061508-BS1) Prepared & Analyzed: 06/15/18 
Arsenic mg/l 1.00 99 75-1250.0100.989 0.004
LCS Dup (8061508-BSD1) Prepared & Analyzed: 06/15/18 
Arsenic mg/l 1.00 96 75-125 3 200.0100.957 0.004
Batch 8061509
Blank (8061509-BLK1) Prepared & Analyzed: 06/15/18 
Arsenic mg/l0.010ND 0.004
LCS (8061509-BS1) Prepared & Analyzed: 06/15/18 
Arsenic mg/l 1.00 92 75-1250.0100.922 0.004
LCS Dup (8061509-BSD1) Prepared & Analyzed: 06/15/18 
Arsenic mg/l 1.00 93 75-125 1 200.0100.933 0.004
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18E0508
Black Mountain Arsenic Transport in Drainage
Notes and Definitions 
R-05 The sample was diluted due to the presence of high levels of non-target analytes resulting in elevated reporting limits.
J Detected but below the Reporting Limit; therefore, result is an estimated concentration (CLP J-Flag).




Analyte NOT DETECTED at or above the reporting limit (or method detection limit when specified)ND
MDL Method detection limit (indicated per client's request)
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.














University of San Diego
Black Mountain
San Diego, CA 92110
5998 Alcala Park
Eric Cathcart
Enclosed are the results of analyses for samples received by the laboratory on 01/23/17 15:40.  Samples were 
analyzed pursuant to client request utilizing EPA or other ELAP approved methodologies.  I certify that this 
data is in compliance both technically and for completeness.  
10 February 2017
Attn:
EMA Log #: 17A0867
Laboratory Director
Dan Verdon
CA ELAP Certification #: 2564
Project Name:




University of San DiegoClient Name: EMA Log #:  17A0867
Black Mountain
Sample ID Laboratory ID Matrix Date Sampled
ANALYTICAL REPORT FOR SAMPLES
Date Received
Koala Mine Seep Water 01 17A0867-01 01/23/17 08:40 01/23/17 15:40Water
Arsenic Spring Surface Water 01 17A0867-02 01/23/17 09:20 01/23/17 15:40Water
Waterfall 01 17A0867-03 01/23/17 08:20 01/23/17 15:40Water
Spring 01 17A0867-04 01/23/17 07:45 01/23/17 15:40Water
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  17A0867
Black Mountain
Total Metals by EPA 6000/7000 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
Koala Mine Seep Water 01 (17A0867-01) Water    Sampled: 01/23/17 08:40   Received: 01/23/17 15:40
EPA 601001/31/17 01/31/17 mg/l 70131301Antimony ND 0.100.10
" " "" "0.05 0.004 0.01Arsenic "
" " "" " J0.01 0.004 0.10Barium "
"" 01/31/17 " ""Beryllium ND 0.010.001
" " 01/31/17 " " J0.003 0.001 0.01Cadmium "
"" "" ""Chromium ND 0.050.002
"" "" ""Cobalt ND 0.050.002
"" "" ""Copper ND 0.050.005
"" "" ""Lead ND 0.010.008
"" "" ""Molybdenum ND 0.050.009
"" "" ""Nickel ND 0.050.004
" " "" "0.01 0.005 0.01Selenium "
"" "" ""Silver ND 0.0050.001
"" "" ""Thallium ND 0.010.005
" " "" " J0.004 0.002 0.05Vanadium "
" " "" " J0.04 0.004 0.05Zinc "
Spring 01 (17A0867-04) Water    Sampled: 01/23/17 07:45   Received: 01/23/17 15:40
EPA 601001/31/17 01/31/17 mg/l 70131301Antimony ND 0.100.10
"" "" ""Arsenic ND 0.010.004
" " "" " J0.04 0.004 0.10Barium "
"" 01/31/17 " ""Beryllium ND 0.010.001
"" 01/31/17 " ""Cadmium ND 0.010.001
" " "" " J0.003 0.002 0.05Chromium "
" " "" " J0.002 0.002 0.05Cobalt "
"" 01/31/17 " ""Copper ND 0.050.005
"" 01/31/17 " ""Lead ND 0.010.008
"" "" ""Molybdenum ND 0.050.009
"" "" ""Nickel ND 0.050.004
" " "" " J0.006 0.005 0.01Selenium "
"" 01/31/17 " ""Silver ND 0.0050.001
"" 01/31/17 " ""Thallium ND 0.010.005
" " 01/31/17 " " J0.01 0.002 0.05Vanadium "
" " 01/31/17 " " J0.006 0.004 0.05Zinc "
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  17A0867
Black Mountain
Total Metals by EPA 200 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
Arsenic Spring Surface Water 01 (17A0867-02) Water    Sampled: 01/23/17 09:20   Received: 01/23/17 15:40
7020737 02/07/17 02/08/17 mg/l 10.119 0.0001 0.002Arsenic EPA 200.8
Waterfall 01 (17A0867-03) Water    Sampled: 01/23/17 08:20   Received: 01/23/17 15:40
7020737 02/07/17 02/08/17 mg/l 1 J0.001 0.0001 0.002Arsenic EPA 200.8
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  17A0867
Black Mountain
Metals (Dissolved) by EPA 200 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
Koala Mine Seep Water 01 (17A0867-01) Water    Sampled: 01/23/17 08:40   Received: 01/23/17 15:40
7020830 02/08/17 02/08/17 mg/l 10.058 0.0001 0.002Arsenic EPA 200.8
Arsenic Spring Surface Water 01 (17A0867-02) Water    Sampled: 01/23/17 09:20   Received: 01/23/17 15:40
7020830 02/08/17 02/08/17 mg/l 10.123 0.0001 0.002Arsenic EPA 200.8
Waterfall 01 (17A0867-03) Water    Sampled: 01/23/17 08:20   Received: 01/23/17 15:40
7020830 02/08/17 02/08/17 mg/l 1 J0.0008 0.0001 0.002Arsenic EPA 200.8
Spring 01 (17A0867-04) Water    Sampled: 01/23/17 07:45   Received: 01/23/17 15:40
7020830 02/08/17 02/08/17 mg/l 1 J0.001 0.0001 0.002Arsenic EPA 200.8
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.
















Limit Notes  Analyte
Total Metals by EPA 6000/7000 Series Methods - Quality Control
MDL
Batch 7013130

















LCS (7013130-BS1) Prepared & Analyzed: 01/31/17 
Antimony mg/l 1.00 98 75-1250.100.98 0.10
Arsenic " 1.00 93 75-1250.010.93 0.004
Barium " 1.00 100 75-1250.101.00 0.004
Beryllium " 1.00 100 75-1250.011.00 0.001
Cadmium " 1.00 97 75-1250.010.97 0.001
Chromium " 1.00 98 75-1250.050.98 0.002
Cobalt " 1.00 96 75-1250.050.96 0.002
Copper " 1.00 99 75-1250.050.99 0.005
Lead " 1.00 100 75-1250.011.00 0.008
Molybdenum " 1.00 94 75-1250.050.94 0.009
Nickel " 1.00 93 75-1250.050.93 0.004
Selenium " 1.00 89 75-1250.010.89 0.005
Silver " 0.500 92 75-1250.0050.46 0.001
Thallium " 1.00 96 75-1250.010.96 0.005
Vanadium " 1.00 98 75-1250.050.98 0.002
Zinc " 1.00 93 75-1250.050.93 0.004
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.
















Limit Notes  Analyte
Total Metals by EPA 6000/7000 Series Methods - Quality Control
MDL
Batch 7013130
LCS Dup (7013130-BSD1) Prepared & Analyzed: 01/31/17 
Antimony mg/l 1.00 98 75-125 0.8 200.100.98 0.10
Arsenic " 1.00 94 75-125 1 200.010.94 0.004
Barium " 1.00 101 75-125 0.6 200.101.01 0.004
Beryllium " 1.00 100 75-125 0.2 200.011.00 0.001
Cadmium " 1.00 97 75-125 0.7 200.010.97 0.001
Chromium " 1.00 98 75-125 0.4 200.050.98 0.002
Cobalt " 1.00 96 75-125 0.5 200.050.96 0.002
Copper " 1.00 100 75-125 0.5 200.051.00 0.005
Lead " 1.00 101 75-125 1 200.011.01 0.008
Molybdenum " 1.00 94 75-125 0.8 200.050.94 0.009
Nickel " 1.00 94 75-125 0.3 200.050.94 0.004
Selenium " 1.00 90 75-125 1 200.010.90 0.005
Silver " 0.500 93 75-125 1 200.0050.47 0.001
Thallium " 1.00 97 75-125 1 200.010.97 0.005
Vanadium " 1.00 98 75-125 0.3 200.050.98 0.002
Zinc " 1.00 93 75-125 0.3 200.050.93 0.004
Duplicate (7013130-DUP1) Prepared & Analyzed: 01/31/17 Source: 17A0641-03
Antimony mg/l ND 200.10ND 0.10
Arsenic " ND 200.01ND 0.004
Barium " 0.10 5 200.100.10 0.004
Beryllium " ND 200.01ND 0.001
Cadmium " ND 200.01ND 0.001
Chromium " ND 20 J0.050.002 0.002
Cobalt " ND 200.05ND 0.002
Copper " 0.006 4 20 J0.050.006 0.005
Lead " ND 200.01ND 0.008
Molybdenum " ND 200.05ND 0.009
Nickel " ND 200.05ND 0.004
Selenium " 0.02 20 200.010.01 0.005
Silver " ND 200.005ND 0.001
Thallium " ND 200.01ND 0.005
Vanadium " ND 200.05ND 0.002
Zinc " 0.04 5 20 J0.050.04 0.004
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.
















Limit Notes  Analyte
Total Metals by EPA 6000/7000 Series Methods - Quality Control
MDL
Batch 7013130
Matrix Spike (7013130-MS1) Prepared & Analyzed: 01/31/17 Source: 17A0641-03
Antimony mg/l 1.00 ND 92 75-1250.100.92 0.10
Arsenic " 1.00 ND 91 75-1250.010.91 0.004
Barium " 1.00 0.10 94 75-1250.101.04 0.004
Beryllium " 1.00 ND 94 75-1250.010.94 0.001
Cadmium " 1.00 ND 92 75-1250.010.92 0.001
Chromium " 1.00 ND 92 75-1250.050.92 0.002
Cobalt " 1.00 ND 89 75-1250.050.89 0.002
Copper " 1.00 0.006 96 75-1250.050.96 0.005
Lead " 1.00 ND 89 75-1250.010.89 0.008
Molybdenum " 1.00 ND 93 75-1250.050.93 0.009
Nickel " 1.00 ND 90 75-1250.050.90 0.004
Selenium " 1.00 0.02 87 75-1250.010.88 0.005
Silver " 0.500 ND 91 75-1250.0050.45 0.001
Thallium " 1.00 ND 85 75-1250.010.85 0.005
Vanadium " 1.00 ND 94 75-1250.050.94 0.002
Zinc " 1.00 0.04 88 75-1250.050.92 0.004
Matrix Spike Dup (7013130-MSD1) Prepared & Analyzed: 01/31/17 Source: 17A0641-03
Antimony mg/l 1.00 ND 94 75-125 1 200.100.94 0.10
Arsenic " 1.00 ND 92 75-125 2 200.010.92 0.004
Barium " 1.00 0.10 94 75-125 0.1 200.101.04 0.004
Beryllium " 1.00 ND 95 75-125 1 200.010.95 0.001
Cadmium " 1.00 ND 92 75-125 0.4 200.010.92 0.001
Chromium " 1.00 ND 93 75-125 0.4 200.050.93 0.002
Cobalt " 1.00 ND 89 75-125 0.4 200.050.89 0.002
Copper " 1.00 0.006 95 75-125 0.7 200.050.95 0.005
Lead " 1.00 ND 91 75-125 1 200.010.91 0.008
Molybdenum " 1.00 ND 95 75-125 2 200.050.95 0.009
Nickel " 1.00 ND 92 75-125 2 200.050.92 0.004
Selenium " 1.00 0.02 89 75-125 2 200.010.90 0.005
Silver " 0.500 ND 91 75-125 0.02 200.0050.45 0.001
Thallium " 1.00 ND 87 75-125 2 200.010.87 0.005
Vanadium " 1.00 ND 95 75-125 0.4 200.050.95 0.002
Zinc " 1.00 0.04 89 75-125 0.8 200.050.93 0.004
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.
















Limit Notes  Analyte
Total Metals by EPA 200 Series Methods - Quality Control
MDL
Batch 7020737
Blank (7020737-BLK1) Prepared: 02/07/17  Analyzed: 02/08/17 
Arsenic mg/l0.002ND 0.0001
LCS (7020737-BS1) Prepared: 02/07/17  Analyzed: 02/08/17 
Arsenic mg/l 0.100 114 85-1150.0020.114 0.0001
LCS Dup (7020737-BSD1) Prepared: 02/07/17  Analyzed: 02/08/17 
Arsenic mg/l 0.100 112 85-115 2 200.0020.112 0.0001
Duplicate (7020737-DUP1) Prepared: 02/07/17  Analyzed: 02/08/17 Source: 17A0890-01
Arsenic mg/l 0.0004 63 20 QR-04, J0.0020.0008 0.0001
Matrix Spike (7020737-MS1) Prepared: 02/07/17  Analyzed: 02/08/17 Source: 17A0890-01
Arsenic mg/l 0.100 0.0004 111 70-1300.0020.112 0.0001
Matrix Spike (7020737-MS2) Prepared: 02/07/17  Analyzed: 02/08/17 Source: 17A0893-05
Arsenic mg/l 0.100 0.049 112 70-1300.0020.161 0.0001
Matrix Spike Dup (7020737-MSD1) Prepared: 02/07/17  Analyzed: 02/08/17 Source: 17A0890-01
Arsenic mg/l 0.100 0.0004 110 70-130 0.9 200.0020.111 0.0001
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.
















Limit Notes  Analyte
Metals (Dissolved) by EPA 200 Series Methods - Quality Control
MDL
Batch 7020830
Blank (7020830-BLK1) Prepared & Analyzed: 02/08/17 
Arsenic mg/l QB-04, J0.0020.0003 0.0001
LCS (7020830-BS1) Prepared & Analyzed: 02/08/17 
Arsenic mg/l 0.0500 106 75-1250.0020.053 0.0001
LCS Dup (7020830-BSD1) Prepared & Analyzed: 02/08/17 
Arsenic mg/l 0.0500 104 75-125 2 200.0020.052 0.0001
Duplicate (7020830-DUP1) Prepared & Analyzed: 02/08/17 Source: 17A0893-01
Arsenic mg/l 0.194 6 200.0020.207 0.0001
Matrix Spike (7020830-MS1) Prepared & Analyzed: 02/08/17 Source: 17A0893-01
Arsenic mg/l 0.0500 0.194 112 75-1250.0020.250 0.0001
Matrix Spike (7020830-MS2) Prepared & Analyzed: 02/08/17 Source: 17A0893-04
Arsenic mg/l 0.0500 0.046 110 75-1250.0020.101 0.0001
Matrix Spike Dup (7020830-MSD1) Prepared & Analyzed: 02/08/17 Source: 17A0893-01
Arsenic mg/l 0.0500 0.194 109 75-125 0.6 200.0020.249 0.0001
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  17A0867
Black Mountain
Notes and Definitions 
QR-04 The RPD between the sample and sample duplicate is not valid since both results are below the reporting limit for this analyte.
QB-04 This analyte is a suspected laboratory contaminent.
J Detected but below the Reporting Limit; therefore, result is an estimated concentration (CLP J-Flag).




Analyte NOT DETECTED at or above the reporting limit (or method detection limit when specified)ND
MDL Method detection limit (indicated per client's request)
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.





University of San Diego
Black Mountain
San Diego, CA 92110
5998 Alcala Park
Eric Cathcart
Enclosed are the results of analyses for samples received by the laboratory on 01/24/17 15:15.  Samples were 
analyzed pursuant to client request utilizing EPA or other ELAP approved methodologies.  I certify that this 
data is in compliance both technically and for completeness.  
10 February 2017
Attn:
EMA Log #: 17A0893
Laboratory Director
Dan Verdon
CA ELAP Certification #: 2564
Project Name:




University of San DiegoClient Name: EMA Log #:  17A0893
Black Mountain
Sample ID Laboratory ID Matrix Date Sampled
ANALYTICAL REPORT FOR SAMPLES
Date Received
Koala Mine Seep 02 17A0893-01 01/24/17 12:45 01/24/17 15:15Water
Canyon Head 02 Surface H20 17A0893-02 01/24/17 10:30 01/24/17 15:15Water
Koala Mine Seep 02 17A0893-03 01/24/17 12:20 01/24/17 15:15Water
Koala Downstream 02 17A0893-04 01/24/17 13:05 01/24/17 15:15Water
Hobbit Hole Seep 02 17A0893-05 01/24/17 12:40 01/24/17 15:15Water
Ranga Seep 02 17A0893-06 01/24/17 13:00 01/24/17 15:15Water
Upstream Koala 02 17A0893-07 01/24/17 12:05 01/24/17 15:15Water
Ranga Surface H2O 02 17A0893-08 01/24/17 12:00 01/24/17 15:15Water
Fern Zone Surface H2O 02 17A0893-09 01/24/17 09:50 01/24/17 15:15Water
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  17A0893
Black Mountain
Total Metals by EPA 200 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
Koala Mine Seep 02 (17A0893-01) Water    Sampled: 01/24/17 12:45   Received: 01/24/17 15:15
7020737 02/07/17 02/08/17 mg/l 10.203 0.0001 0.002Arsenic EPA 200.8
Canyon Head 02 Surface H20 (17A0893-02) Water    Sampled: 01/24/17 10:30   Received: 01/24/17 15:15
7020737 02/07/17 02/08/17 mg/l 1 J0.0002 0.0001 0.002Arsenic EPA 200.8
Koala Mine Seep 02 (17A0893-03) Water    Sampled: 01/24/17 12:20   Received: 01/24/17 15:15
7020737 02/07/17 02/08/17 mg/l 10.008 0.0001 0.002Arsenic EPA 200.8
Koala Downstream 02 (17A0893-04) Water    Sampled: 01/24/17 13:05   Received: 01/24/17 15:15
7020737 02/07/17 02/08/17 mg/l 10.048 0.0001 0.002Arsenic EPA 200.8
Hobbit Hole Seep 02 (17A0893-05) Water    Sampled: 01/24/17 12:40   Received: 01/24/17 15:15
7020737 02/07/17 02/08/17 mg/l 10.049 0.0001 0.002Arsenic EPA 200.8
Ranga Seep 02 (17A0893-06) Water    Sampled: 01/24/17 13:00   Received: 01/24/17 15:15
7020737 02/07/17 02/08/17 mg/l 10.016 0.0001 0.002Arsenic EPA 200.8
Upstream Koala 02 (17A0893-07) Water    Sampled: 01/24/17 12:05   Received: 01/24/17 15:15
7020737 02/07/17 02/08/17 mg/l 10.002 0.0001 0.002Arsenic EPA 200.8
Ranga Surface H2O 02 (17A0893-08) Water    Sampled: 01/24/17 12:00   Received: 01/24/17 15:15
7020737 02/07/17 02/08/17 mg/l 1 J0.001 0.0001 0.002Arsenic EPA 200.8
Fern Zone Surface H2O 02 (17A0893-09) Water    Sampled: 01/24/17 09:50   Received: 01/24/17 15:15
7020737 02/07/17 02/08/17 mg/l 1 J0.0001 0.0001 0.002Arsenic EPA 200.8
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  17A0893
Black Mountain
Metals (Dissolved) by EPA 200 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
Koala Mine Seep 02 (17A0893-01) Water    Sampled: 01/24/17 12:45   Received: 01/24/17 15:15
7020830 02/08/17 02/08/17 mg/l 10.194 0.0001 0.002Arsenic EPA 200.8
Canyon Head 02 Surface H20 (17A0893-02) Water    Sampled: 01/24/17 10:30   Received: 01/24/17 15:15
EPA 200.802/08/17 02/08/17 mg/l 70208301Arsenic ND 0.0020.0001
Koala Mine Seep 02 (17A0893-03) Water    Sampled: 01/24/17 12:20   Received: 01/24/17 15:15
7020830 02/08/17 02/08/17 mg/l 10.006 0.0001 0.002Arsenic EPA 200.8
Koala Downstream 02 (17A0893-04) Water    Sampled: 01/24/17 13:05   Received: 01/24/17 15:15
7020830 02/08/17 02/08/17 mg/l 10.046 0.0001 0.002Arsenic EPA 200.8
Hobbit Hole Seep 02 (17A0893-05) Water    Sampled: 01/24/17 12:40   Received: 01/24/17 15:15
7020830 02/08/17 02/08/17 mg/l 10.045 0.0001 0.002Arsenic EPA 200.8
Ranga Seep 02 (17A0893-06) Water    Sampled: 01/24/17 13:00   Received: 01/24/17 15:15
7020830 02/08/17 02/08/17 mg/l 10.012 0.0001 0.002Arsenic EPA 200.8
Upstream Koala 02 (17A0893-07) Water    Sampled: 01/24/17 12:05   Received: 01/24/17 15:15
7020830 02/08/17 02/08/17 mg/l 1 J0.001 0.0001 0.002Arsenic EPA 200.8
Ranga Surface H2O 02 (17A0893-08) Water    Sampled: 01/24/17 12:00   Received: 01/24/17 15:15
7020830 02/08/17 02/08/17 mg/l 1 J0.001 0.0001 0.002Arsenic EPA 200.8
Fern Zone Surface H2O 02 (17A0893-09) Water    Sampled: 01/24/17 09:50   Received: 01/24/17 15:15
EPA 200.802/08/17 02/08/17 mg/l 70208301Arsenic ND 0.0020.0001
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.
















Limit Notes  Analyte
Total Metals by EPA 200 Series Methods - Quality Control
MDL
Batch 7020737
Blank (7020737-BLK1) Prepared: 02/07/17  Analyzed: 02/08/17 
Arsenic mg/l0.002ND 0.0001
LCS (7020737-BS1) Prepared: 02/07/17  Analyzed: 02/08/17 
Arsenic mg/l 0.100 114 85-1150.0020.114 0.0001
LCS Dup (7020737-BSD1) Prepared: 02/07/17  Analyzed: 02/08/17 
Arsenic mg/l 0.100 112 85-115 2 200.0020.112 0.0001
Duplicate (7020737-DUP1) Prepared: 02/07/17  Analyzed: 02/08/17 Source: 17A0890-01
Arsenic mg/l 0.0004 63 20 QR-04, J0.0020.0008 0.0001
Matrix Spike (7020737-MS1) Prepared: 02/07/17  Analyzed: 02/08/17 Source: 17A0890-01
Arsenic mg/l 0.100 0.0004 111 70-1300.0020.112 0.0001
Matrix Spike (7020737-MS2) Prepared: 02/07/17  Analyzed: 02/08/17 Source: 17A0893-05
Arsenic mg/l 0.100 0.049 112 70-1300.0020.161 0.0001
Matrix Spike Dup (7020737-MSD1) Prepared: 02/07/17  Analyzed: 02/08/17 Source: 17A0890-01
Arsenic mg/l 0.100 0.0004 110 70-130 0.9 200.0020.111 0.0001
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.
















Limit Notes  Analyte
Metals (Dissolved) by EPA 200 Series Methods - Quality Control
MDL
Batch 7020830
Blank (7020830-BLK1) Prepared & Analyzed: 02/08/17 
Arsenic mg/l QB-04, J0.0020.0003 0.0001
LCS (7020830-BS1) Prepared & Analyzed: 02/08/17 
Arsenic mg/l 0.0500 106 75-1250.0020.053 0.0001
LCS Dup (7020830-BSD1) Prepared & Analyzed: 02/08/17 
Arsenic mg/l 0.0500 104 75-125 2 200.0020.052 0.0001
Duplicate (7020830-DUP1) Prepared & Analyzed: 02/08/17 Source: 17A0893-01
Arsenic mg/l 0.194 6 200.0020.207 0.0001
Matrix Spike (7020830-MS1) Prepared & Analyzed: 02/08/17 Source: 17A0893-01
Arsenic mg/l 0.0500 0.194 112 75-1250.0020.250 0.0001
Matrix Spike (7020830-MS2) Prepared & Analyzed: 02/08/17 Source: 17A0893-04
Arsenic mg/l 0.0500 0.046 110 75-1250.0020.101 0.0001
Matrix Spike Dup (7020830-MSD1) Prepared & Analyzed: 02/08/17 Source: 17A0893-01
Arsenic mg/l 0.0500 0.194 109 75-125 0.6 200.0020.249 0.0001
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  17A0893
Black Mountain
Notes and Definitions 
QR-04 The RPD between the sample and sample duplicate is not valid since both results are below the reporting limit for this analyte.
QB-04 This analyte is a suspected laboratory contaminent.
J Detected but below the Reporting Limit; therefore, result is an estimated concentration (CLP J-Flag).




Analyte NOT DETECTED at or above the reporting limit (or method detection limit when specified)ND
MDL Method detection limit (indicated per client's request)
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.





University of San Diego
Black Mountain
San Diego, CA 92110
5998 Alcala Park
Eric Cathcart
Enclosed are the results of analyses for samples received by the laboratory on 01/10/17 13:10.  Samples were 
analyzed pursuant to client request utilizing EPA or other ELAP approved methodologies.  I certify that this 
data is in compliance both technically and for completeness.  
11 February 2017
Attn:
EMA Log #: 17A0383
Laboratory Director
Dan Verdon
CA ELAP Certification #: 2564
Project Name:




University of San DiegoClient Name: EMA Log #:  17A0383
Black Mountain
Sample ID Laboratory ID Matrix Date Sampled
ANALYTICAL REPORT FOR SAMPLES
Date Received
Ponded Stream Water 17A0383-01 01/10/17 12:00 01/10/17 13:10Wastewater
Pit Water 01 17A0383-02 01/10/17 12:00 01/10/17 13:10Wastewater
Pit Water 02 17A0383-03 01/10/17 12:00 01/10/17 13:10Wastewater
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  17A0383
Black Mountain
Total Metals by EPA 200 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
Ponded Stream Water (17A0383-01) Wastewater    Sampled: 01/10/17 12:00   Received: 01/10/17 13:10
7020955 02/09/17 02/10/17 mg/l 10.026 0.004 0.010Arsenic EPA 200.7
Pit Water 01 (17A0383-02) Wastewater    Sampled: 01/10/17 12:00   Received: 01/10/17 13:10
EPA 200.702/09/17 02/10/17 mg/l 70209551Arsenic ND 0.0100.004
Pit Water 02 (17A0383-03) Wastewater    Sampled: 01/10/17 12:00   Received: 01/10/17 13:10
7020955 02/09/17 02/10/17 mg/l 1 J0.007 0.004 0.010Arsenic EPA 200.7
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  17A0383
Black Mountain
Metals (Dissolved) by EPA 200 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
Ponded Stream Water (17A0383-01) Wastewater    Sampled: 01/10/17 12:00   Received: 01/10/17 13:10
7021009 02/10/17 02/10/17 mg/l 10.024 0.004 0.010Arsenic EPA 200.7
Pit Water 01 (17A0383-02) Wastewater    Sampled: 01/10/17 12:00   Received: 01/10/17 13:10
EPA 200.702/10/17 02/10/17 mg/l 70210091Arsenic ND 0.0100.004
Pit Water 02 (17A0383-03) Wastewater    Sampled: 01/10/17 12:00   Received: 01/10/17 13:10
EPA 200.702/10/17 02/10/17 mg/l 70210091Arsenic ND 0.0100.004
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  17A0383
Black Mountain
Conventional Chemistry Parameters by Standard/EPA Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
Ponded Stream Water (17A0383-01) Wastewater    Sampled: 01/10/17 12:00   Received: 01/10/17 13:10
7011133 01/10/17 01/10/17 pH Units 1 HT-157.35 0.01 0.10pH SM4500-H+ B
Pit Water 01 (17A0383-02) Wastewater    Sampled: 01/10/17 12:00   Received: 01/10/17 13:10
7011133 01/10/17 01/10/17 pH Units 1 HT-156.82 0.01 0.10pH SM4500-H+ B
Pit Water 02 (17A0383-03) Wastewater    Sampled: 01/10/17 12:00   Received: 01/10/17 13:10
7011133 01/10/17 01/10/17 pH Units 1 HT-156.71 0.01 0.10pH SM4500-H+ B
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.
















Limit Notes  Analyte
Total Metals by EPA 200 Series Methods - Quality Control
MDL
Batch 7020955
Blank (7020955-BLK1) Prepared: 02/09/17  Analyzed: 02/10/17 
Arsenic mg/l0.010ND 0.004
LCS (7020955-BS1) Prepared: 02/09/17  Analyzed: 02/10/17 
Arsenic mg/l 1.00 101 75-1250.0101.01 0.004
LCS (7020955-BS2) Prepared: 02/09/17  Analyzed: 02/10/17 
Arsenic mg/l 75-1250.010ND 0.004
LCS Dup (7020955-BSD1) Prepared: 02/09/17  Analyzed: 02/10/17 
Arsenic mg/l 1.00 103 75-125 1 200.0101.03 0.004
LCS Dup (7020955-BSD2) Prepared: 02/09/17  Analyzed: 02/10/17 
Arsenic mg/l 75-125 200.010ND 0.004
Duplicate (7020955-DUP1) Prepared: 02/09/17  Analyzed: 02/10/17 Source: 17A0890-01
Arsenic mg/l ND 200.010ND 0.004
Matrix Spike (7020955-MS1) Prepared: 02/09/17  Analyzed: 02/10/17 Source: 17A0890-01
Arsenic mg/l 1.00 ND 105 75-1250.0101.05 0.004
Matrix Spike (7020955-MS2) Prepared: 02/09/17  Analyzed: 02/10/17 Source: 17A0711-01
Arsenic mg/l 1.00 ND 100 75-1250.0101.00 0.004
Matrix Spike Dup (7020955-MSD1) Prepared: 02/09/17  Analyzed: 02/10/17 Source: 17A0890-01
Arsenic mg/l 1.00 ND 100 75-125 5 200.0101.00 0.004
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.
















Limit Notes  Analyte
Metals (Dissolved) by EPA 200 Series Methods - Quality Control
MDL
Batch 7021009
Blank (7021009-BLK1) Prepared & Analyzed: 02/10/17 
Arsenic mg/l0.010ND 0.004
LCS (7021009-BS1) Prepared & Analyzed: 02/10/17 
Arsenic mg/l 1.00 99 75-1250.0100.995 0.004
LCS Dup (7021009-BSD1) Prepared & Analyzed: 02/10/17 
Arsenic mg/l 1.00 100 75-125 0.3 200.0100.998 0.004
Duplicate (7021009-DUP1) Prepared & Analyzed: 02/10/17 Source: 17A0383-01
Arsenic mg/l 0.024 2 200.0100.024 0.004
Matrix Spike (7021009-MS1) Prepared & Analyzed: 02/10/17 Source: 17A0383-01
Arsenic mg/l 1.00 0.024 98 75-1250.0101.00 0.004
Matrix Spike Dup (7021009-MSD1) Prepared & Analyzed: 02/10/17 Source: 17A0383-01
Arsenic mg/l 1.00 0.024 99 75-125 0.7 200.0101.01 0.004
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.
















Limit Notes  Analyte
Conventional Chemistry Parameters by Standard/EPA Methods - Quality Control
MDL
Batch 7011133
Duplicate (7011133-DUP1) Prepared & Analyzed: 01/10/17 Source: 17A0366-01
pH pH Units 6.78 1 200.106.86 0.01
Reference (7011133-SRM1) Prepared & Analyzed: 01/10/17 
pH pH Units 7.85 101 7.45-102.550.107.91 0.01
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  17A0383
Black Mountain
Notes and Definitions 
J Detected but below the Reporting Limit; therefore, result is an estimated concentration (CLP J-Flag).
HT-15 This sample was received outside of the EPA's recommended 15 minute holding time for this analysis.  However, the sample was 
analyzed immediately upon receipt.




Analyte NOT DETECTED at or above the reporting limit (or method detection limit when specified)ND
MDL Method detection limit (indicated per client's request)
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.





University of San Diego
KOALA POND 03
San Diego, CA 92110
5998 Alcala Park
Eric Cathcart
Enclosed are the results of analyses for samples received by the laboratory on 02/01/17 12:42.  Samples were 
analyzed pursuant to client request utilizing EPA or other ELAP approved methodologies.  I certify that this 
data is in compliance both technically and for completeness.  
28 February 2017
Attn:
EMA Log #: 17B0014
Laboratory Director
Dan Verdon
CA ELAP Certification #: 2564
Project Name:




University of San DiegoClient Name: EMA Log #:  17B0014
KOALA POND 03
Sample ID Laboratory ID Matrix Date Sampled
ANALYTICAL REPORT FOR SAMPLES
Date Received
KOALA POND 03 17B0014-01 02/01/17 09:45 02/01/17 12:42Water
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  17B0014
KOALA POND 03
Total Metals by EPA 200 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
KOALA POND 03 (17B0014-01) Water    Sampled: 02/01/17 09:45   Received: 02/01/17 12:42
7021444 02/14/17 02/15/17 mg/l 11.66 0.0001 0.002Arsenic EPA 200.8
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  17B0014
KOALA POND 03
Metals (Dissolved) by EPA 200 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
KOALA POND 03 (17B0014-01) Water    Sampled: 02/01/17 09:45   Received: 02/01/17 12:42
7021539 02/15/17 02/15/17 mg/l 10.286 0.0001 0.002Arsenic EPA 200.8
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  17B0014
KOALA POND 03
Conventional Chemistry Parameters by Standard/EPA Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
KOALA POND 03 (17B0014-01) Water    Sampled: 02/01/17 09:45   Received: 02/01/17 12:42
7020222 02/01/17 02/01/17 pH Units 1 HT-153.54 0.01 0.10pH SM4500-H+ B
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.
















Limit Notes  Analyte
Total Metals by EPA 200 Series Methods - Quality Control
MDL
Batch 7021444
Blank (7021444-BLK1) Prepared: 02/14/17  Analyzed: 02/15/17 
Arsenic mg/l0.002ND 0.0001
LCS (7021444-BS1) Prepared: 02/14/17  Analyzed: 02/15/17 
Arsenic mg/l 0.100 110 85-1150.0020.110 0.0001
LCS Dup (7021444-BSD1) Prepared: 02/14/17  Analyzed: 02/15/17 
Arsenic mg/l 0.100 108 85-115 2 200.0020.108 0.0001
Duplicate (7021444-DUP1) Prepared: 02/14/17  Analyzed: 02/16/17 Source: 17B0224-01
Arsenic mg/l ND 20 J0.0100.002 0.0005
Matrix Spike (7021444-MS1) Prepared: 02/14/17  Analyzed: 02/16/17 Source: 17B0224-01
Arsenic mg/l 0.100 ND 106 70-1300.0100.106 0.0005
Matrix Spike (7021444-MS2) Prepared: 02/14/17  Analyzed: 02/16/17 Source: 17B0230-03
Arsenic mg/l 0.100 0.001 109 70-1300.0020.110 0.0001
Matrix Spike Dup (7021444-MSD1) Prepared: 02/14/17  Analyzed: 02/16/17 Source: 17B0224-01
Arsenic mg/l 0.100 ND 110 70-130 4 200.0100.110 0.0005
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.
















Limit Notes  Analyte
Metals (Dissolved) by EPA 200 Series Methods - Quality Control
MDL
Batch 7021539
Blank (7021539-BLK1) Prepared & Analyzed: 02/15/17 
Arsenic mg/l0.002ND 0.0001
LCS (7021539-BS1) Prepared & Analyzed: 02/15/17 
Arsenic mg/l 0.0500 101 75-1250.0020.050 0.0001
LCS Dup (7021539-BSD1) Prepared & Analyzed: 02/15/17 
Arsenic mg/l 0.0500 102 75-125 0.8 200.0020.051 0.0001
Duplicate (7021539-DUP1) Prepared: 02/15/17  Analyzed: 02/21/17 Source: 17B0014-01
Arsenic mg/l 0.286 0.5 200.0400.285 0.002
Matrix Spike (7021539-MS1) Prepared: 02/15/17  Analyzed: 02/21/17 Source: 17B0014-01
Arsenic mg/l 0.100 0.286 98 75-1250.0400.384 0.002
Matrix Spike (7021539-MS2) Prepared: 02/15/17  Analyzed: 02/21/17 Source: 17B0451-06
Arsenic mg/l 0.100 0.007 118 75-1250.0020.124 0.0001
Matrix Spike Dup (7021539-MSD1) Prepared: 02/15/17  Analyzed: 02/21/17 Source: 17B0014-01
Arsenic mg/l 0.100 0.286 96 75-125 0.4 200.0400.382 0.002
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.
















Limit Notes  Analyte
Conventional Chemistry Parameters by Standard/EPA Methods - Quality Control
MDL
Batch 7020222
Duplicate (7020222-DUP1) Prepared & Analyzed: 02/01/17 Source: 17A1119-11
pH pH Units 11.2 0.1 200.1011.3 0.01
Reference (7020222-SRM1) Prepared & Analyzed: 02/01/17 
pH pH Units 7.85 101 7.45-102.550.107.94 0.01
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  17B0014
KOALA POND 03
Notes and Definitions 
J Detected but below the Reporting Limit; therefore, result is an estimated concentration (CLP J-Flag).
HT-15 This sample was received outside of the EPA's recommended 15 minute holding time for this analysis.  However, the sample was 
analyzed immediately upon receipt.




Analyte NOT DETECTED at or above the reporting limit (or method detection limit when specified)ND
MDL Method detection limit (indicated per client's request)
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.





University of San Diego
CULVERT SUFACE WATER 04
San Diego, CA 92110
5998 Alcala Park
Eric Cathcart
Enclosed are the results of analyses for samples received by the laboratory on 02/13/17 09:52.  Samples were 
analyzed pursuant to client request utilizing EPA or other ELAP approved methodologies.  I certify that this 
data is in compliance both technically and for completeness.  
03 March 2017
Attn:
EMA Log #: 17B0376
Laboratory Director
Dan Verdon
CA ELAP Certification #: 2564
Project Name:




University of San DiegoClient Name: EMA Log #:  17B0376
CULVERT SUFACE WATER 04
Sample ID Laboratory ID Matrix Date Sampled
ANALYTICAL REPORT FOR SAMPLES
Date Received
CULVERT SUFACE WATER 04 17B0376-01 02/13/17 09:15 02/13/17 09:52Water
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  17B0376
CULVERT SUFACE WATER 04
Total Metals by EPA 200 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
CULVERT SUFACE WATER 04 (17B0376-01) Water    Sampled: 02/13/17 09:15   Received: 02/13/17 09:52
7022154 02/21/17 02/27/17 mg/l 10.017 0.0001 0.002Arsenic EPA 200.8
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  17B0376
CULVERT SUFACE WATER 04
Metals (Dissolved) by EPA 200 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
CULVERT SUFACE WATER 04 (17B0376-01) Water    Sampled: 02/13/17 09:15   Received: 02/13/17 09:52
7021539 02/15/17 02/22/17 mg/l 10.016 0.0001 0.002Arsenic EPA 200.8
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  17B0376
CULVERT SUFACE WATER 04
Conventional Chemistry Parameters by Standard/EPA Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
CULVERT SUFACE WATER 04 (17B0376-01) Water    Sampled: 02/13/17 09:15   Received: 02/13/17 09:52
7021430 02/13/17 02/13/17 pH Units 1 HT-157.62 0.01 0.10pH SM4500-H+ B
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  17B0376











Limit Notes  Analyte
Total Metals by EPA 200 Series Methods - Quality Control
MDL
Batch 7022154
Blank (7022154-BLK1) Prepared: 02/21/17  Analyzed: 02/22/17 
Arsenic mg/l0.002ND 0.0001
LCS (7022154-BS1) Prepared: 02/21/17  Analyzed: 02/22/17 
Arsenic mg/l 0.100 104 85-1150.0020.104 0.0001
LCS Dup (7022154-BSD1) Prepared: 02/21/17  Analyzed: 02/22/17 
Arsenic mg/l 0.100 110 85-115 5 200.0020.110 0.0001
Duplicate (7022154-DUP1) Prepared: 02/21/17  Analyzed: 03/02/17 Source: 17B0412-06
Arsenic mg/l 0.0003 200.002ND 0.0001
Matrix Spike (7022154-MS1) Prepared: 02/21/17  Analyzed: 03/02/17 Source: 17B0412-06
Arsenic mg/l 0.100 0.0003 101 70-1300.0020.102 0.0001
Matrix Spike (7022154-MS2) Prepared: 02/21/17  Analyzed: 02/28/17 Source: 17B0352-01
Arsenic mg/l 0.100 ND 109 70-1300.0100.109 0.0005
Matrix Spike Dup (7022154-MSD1) Prepared: 02/21/17  Analyzed: 03/02/17 Source: 17B0412-06
Arsenic mg/l 0.100 0.0003 104 70-130 3 200.0020.104 0.0001
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  17B0376











Limit Notes  Analyte
Metals (Dissolved) by EPA 200 Series Methods - Quality Control
MDL
Batch 7021539
Blank (7021539-BLK1) Prepared & Analyzed: 02/15/17 
Arsenic mg/l0.002ND 0.0001
LCS (7021539-BS1) Prepared & Analyzed: 02/15/17 
Arsenic mg/l 0.0500 101 75-1250.0020.050 0.0001
LCS Dup (7021539-BSD1) Prepared & Analyzed: 02/15/17 
Arsenic mg/l 0.0500 102 75-125 0.8 200.0020.051 0.0001
Duplicate (7021539-DUP1) Prepared: 02/15/17  Analyzed: 02/21/17 Source: 17B0014-01
Arsenic mg/l 0.286 0.5 200.0400.285 0.002
Matrix Spike (7021539-MS1) Prepared: 02/15/17  Analyzed: 02/21/17 Source: 17B0014-01
Arsenic mg/l 0.100 0.286 98 75-1250.0400.384 0.002
Matrix Spike (7021539-MS2) Prepared: 02/15/17  Analyzed: 02/21/17 Source: 17B0451-06
Arsenic mg/l 0.100 0.007 118 75-1250.0020.124 0.0001
Matrix Spike Dup (7021539-MSD1) Prepared: 02/15/17  Analyzed: 02/21/17 Source: 17B0014-01
Arsenic mg/l 0.100 0.286 96 75-125 0.4 200.0400.382 0.002
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  17B0376











Limit Notes  Analyte
Conventional Chemistry Parameters by Standard/EPA Methods - Quality Control
MDL
Batch 7021430
Duplicate (7021430-DUP1) Prepared & Analyzed: 02/13/17 Source: 17B0373-01
pH pH Units 7.70 0.3 200.107.68 0.01
Reference (7021430-SRM1) Prepared & Analyzed: 02/13/17 
pH pH Units 7.59 101 7.36-102.640.107.68 0.01
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  17B0376
CULVERT SUFACE WATER 04
Notes and Definitions 
HT-15 This sample was received outside of the EPA's recommended 15 minute holding time for this analysis.  However, the sample was 
analyzed immediately upon receipt.




Analyte NOT DETECTED at or above the reporting limit (or method detection limit when specified)ND
MDL Method detection limit (indicated per client's request)
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.





University of San Diego
Blank Mountain
San Diego, CA 92110
5998 Alcala Park
Eric Cathcart
Enclosed are the results of analyses for samples received by the laboratory on 02/18/17 07:07.  Samples were 
analyzed pursuant to client request utilizing EPA or other ELAP approved methodologies.  I certify that this 
data is in compliance both technically and for completeness.  
11 March 2017
Attn:
EMA Log #: 17B0570
Laboratory Director
Dan Verdon
CA ELAP Certification #: 2564
Project Name:




University of San DiegoClient Name: EMA Log #:  17B0570
Blank Mountain
Sample ID Laboratory ID Matrix Date Sampled
ANALYTICAL REPORT FOR SAMPLES
Date Received
WATERFALL 05 17B0570-01 02/17/17 18:20 02/18/17 07:07Water
ARSENIC SPRING SURFACE WATER 05 17B0570-02 02/17/17 19:20 02/18/17 07:07Water
DOWNSTREAM KOALA 05 17B0570-03 02/17/17 18:41 02/18/17 07:07Water
CULVERT SURFACE WATER 05 17B0570-04 02/17/17 19:48 02/18/17 07:07Water
DOWNSTREAM VARVES 05 17B0570-05 02/17/17 19:00 02/18/17 07:07Water
WATERFALL 05 (Dissolved 0.2 um) 17B0570-06 02/17/17 18:20 02/18/17 07:07Water
ARSENIC SPRING SURFACE WATER 05 (Dissolved 0.2 um) 17B0570-07 02/17/17 19:20 02/18/17 07:07Water
DOWNSTREAM KOALA 05 (Dissolved 0.2 um) 17B0570-08 02/17/17 18:41 02/18/17 07:07Water
DOWNSTREAM VARVES 05 (Dissolved 0.2 um) 17B0570-09 02/17/17 19:00 02/18/17 07:07Water
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  17B0570
Blank Mountain
Total Metals by EPA 6000/7000 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
CULVERT SURFACE WATER 05 (17B0570-04) Water    Sampled: 02/17/17 19:48   Received: 02/18/17 07:07
EPA 601002/24/17 02/27/17 mg/l 70224311Antimony ND 0.100.10
" " "" "0.01 0.004 0.01Arsenic "
" " 02/27/17 " "0.11 0.004 0.10Barium "
"" "" ""Beryllium ND 0.010.001
"" 02/27/17 " ""Cadmium ND 0.010.001
" " "" " J0.02 0.002 0.05Chromium "
" " "" " J0.008 0.002 0.05Cobalt "
" " 02/27/17 " " J0.01 0.005 0.05Copper "
"" 02/27/17 " ""Lead ND 0.010.008
"" "" ""Molybdenum ND 0.050.009
" " "" " J0.008 0.004 0.05Nickel "
"" "" ""Selenium ND 0.010.005
"" 02/27/17 " ""Silver ND 0.0050.001
"" 02/27/17 " ""Thallium ND 0.010.005
" " 02/27/17 " "0.06 0.002 0.05Vanadium "
" " 02/27/17 " " J0.04 0.004 0.05Zinc "
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  17B0570
Blank Mountain
Metals (Dissolved) by EPA 6000/7000 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
CULVERT SURFACE WATER 05 (17B0570-04) Water    Sampled: 02/17/17 19:48   Received: 02/18/17 07:07
EPA 601003/07/17 03/09/17 mg/l 70307501Antimony ND 0.1000.100
" " "" " J0.008 0.004 0.010Arsenic "
" " "" " J0.039 0.004 0.100Barium "
"" 03/09/17 " ""Beryllium ND 0.0100.001
"" 03/09/17 " ""Cadmium ND 0.0100.001
"" "" ""Chromium ND 0.0500.002
"" "" ""Cobalt ND 0.0500.002
"" "" ""Copper ND 0.0500.005
"" "" ""Lead ND 0.0100.008
"" "" ""Molybdenum ND 0.0500.009
"" "" ""Nickel ND 0.0500.004
"" "" ""Selenium ND 0.0100.005
"" "" ""Silver ND 0.0050.001
"" "" ""Thallium ND 0.0100.005
" " "" " J0.004 0.002 0.050Vanadium "
"" "" ""Zinc ND 0.0500.004
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  17B0570
Blank Mountain
Total Metals by EPA 200 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
WATERFALL 05 (17B0570-01) Water    Sampled: 02/17/17 18:20   Received: 02/18/17 07:07
7022238 02/22/17 02/24/17 mg/l 1 J0.0008 0.0001 0.002Arsenic EPA 200.8
ARSENIC SPRING SURFACE WATER 05 (17B0570-02) Water    Sampled: 02/17/17 19:20   Received: 02/18/17 07:07
7022238 02/22/17 02/27/17 mg/l 10.165 0.0001 0.002Arsenic EPA 200.8
DOWNSTREAM KOALA 05 (17B0570-03) Water    Sampled: 02/17/17 18:41   Received: 02/18/17 07:07
7022238 02/22/17 02/27/17 mg/l 10.174 0.0001 0.002Arsenic EPA 200.8
DOWNSTREAM VARVES 05 (17B0570-05) Water    Sampled: 02/17/17 19:00   Received: 02/18/17 07:07
7022238 02/22/17 02/24/17 mg/l 10.272 0.0001 0.002Arsenic EPA 200.8
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  17B0570
Blank Mountain
Metals (Dissolved) by EPA 200 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
WATERFALL 05 (17B0570-01) Water    Sampled: 02/17/17 18:20   Received: 02/18/17 07:07
7022330 02/23/17 03/03/17 mg/l 1 J0.001 0.0001 0.002Arsenic EPA 200.8
ARSENIC SPRING SURFACE WATER 05 (17B0570-02) Water    Sampled: 02/17/17 19:20   Received: 02/18/17 07:07
7022330 02/23/17 03/03/17 mg/l 10.166 0.0001 0.002Arsenic EPA 200.8
DOWNSTREAM KOALA 05 (17B0570-03) Water    Sampled: 02/17/17 18:41   Received: 02/18/17 07:07
7022330 02/23/17 03/03/17 mg/l 10.174 0.0001 0.002Arsenic EPA 200.8
DOWNSTREAM VARVES 05 (17B0570-05) Water    Sampled: 02/17/17 19:00   Received: 02/18/17 07:07
7022330 02/23/17 03/03/17 mg/l 10.263 0.0001 0.002Arsenic EPA 200.8
WATERFALL 05 (Dissolved 0.2 um) (17B0570-06) Water    Sampled: 02/17/17 18:20   Received: 02/18/17 07:07
7030167 03/01/17 03/03/17 mg/l 1 J0.001 0.0001 0.002Arsenic EPA 200.8
ARSENIC SPRING SURFACE WATER 05 (Dissolved 0.2 um) (17B0570-07) Water    Sampled: 02/17/17 19:20   Received
7030167 03/01/17 03/01/17 mg/l 10.164 0.0001 0.002Arsenic EPA 200.8
DOWNSTREAM KOALA 05 (Dissolved 0.2 um) (17B0570-08) Water    Sampled: 02/17/17 18:41   Received: 02/18/17 07:
7030167 03/01/17 03/01/17 mg/l 10.168 0.0001 0.002Arsenic EPA 200.8
DOWNSTREAM VARVES 05 (Dissolved 0.2 um) (17B0570-09) Water    Sampled: 02/17/17 19:00   Received: 02/18/17 07
7030167 03/01/17 03/01/17 mg/l 10.261 0.0001 0.002Arsenic EPA 200.8
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.
















Limit Notes  Analyte
Total Metals by EPA 6000/7000 Series Methods - Quality Control
MDL
Batch 7022431

















LCS (7022431-BS1) Prepared: 02/24/17  Analyzed: 02/27/17 
Antimony mg/l 1.00 97 75-1250.100.97 0.10
Arsenic " 1.00 94 75-1250.010.94 0.004
Barium " 1.00 103 75-1250.101.03 0.004
Beryllium " 1.00 102 75-1250.011.02 0.001
Cadmium " 1.00 99 75-1250.010.99 0.001
Chromium " 1.00 101 75-1250.051.01 0.002
Cobalt " 1.00 93 75-1250.050.93 0.002
Copper " 1.00 102 75-1250.051.02 0.005
Lead " 1.00 101 75-1250.011.01 0.008
Molybdenum " 1.00 98 75-1250.050.98 0.009
Nickel " 1.00 95 75-1250.050.95 0.004
Selenium " 1.00 90 75-1250.010.90 0.005
Silver " 0.500 107 75-1250.0050.53 0.001
Thallium " 1.00 98 75-1250.010.98 0.005
Vanadium " 1.00 103 75-1250.051.03 0.002
Zinc " 1.00 95 75-1250.050.95 0.004
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.
















Limit Notes  Analyte
Total Metals by EPA 6000/7000 Series Methods - Quality Control
MDL
Batch 7022431
LCS Dup (7022431-BSD1) Prepared: 02/24/17  Analyzed: 02/27/17 
Antimony mg/l 1.00 97 75-125 0.6 200.100.97 0.10
Arsenic " 1.00 93 75-125 0.9 200.010.93 0.004
Barium " 1.00 102 75-125 0.7 200.101.02 0.004
Beryllium " 1.00 101 75-125 0.8 200.011.01 0.001
Cadmium " 1.00 98 75-125 1 200.010.98 0.001
Chromium " 1.00 100 75-125 1 200.051.00 0.002
Cobalt " 1.00 92 75-125 0.7 200.050.92 0.002
Copper " 1.00 101 75-125 1 200.051.01 0.005
Lead " 1.00 101 75-125 0.4 200.011.01 0.008
Molybdenum " 1.00 97 75-125 0.8 200.050.97 0.009
Nickel " 1.00 94 75-125 1 200.050.94 0.004
Selenium " 1.00 90 75-125 0.2 200.010.90 0.005
Silver " 0.500 105 75-125 1 200.0050.53 0.001
Thallium " 1.00 98 75-125 0.02 200.010.98 0.005
Vanadium " 1.00 102 75-125 1 200.051.02 0.002
Zinc " 1.00 95 75-125 0.7 200.050.95 0.004
Duplicate (7022431-DUP1) Prepared: 02/24/17  Analyzed: 02/27/17 Source: 17B0749-03
Antimony mg/l ND 200.10ND 0.10
Arsenic " 0.004 20 J0.010.005 0.004
Barium " 0.18 2 200.100.18 0.004
Beryllium " ND 200.01ND 0.001
Cadmium " ND 200.01ND 0.001
Chromium " ND 200.05ND 0.002
Cobalt " 0.002 0 20 J0.050.002 0.002
Copper " 0.006 5 20 J0.050.006 0.005
Lead " ND 200.01ND 0.008
Molybdenum " ND 200.05ND 0.009
Nickel " 0.009 5 20 J0.050.009 0.004
Selenium " 0.01 0.9 200.010.01 0.005
Silver " ND 200.005ND 0.001
Thallium " ND 20 J0.010.005 0.005
Vanadium " 0.003 7 20 J0.050.003 0.002
Zinc " 0.29 1 200.050.29 0.004
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.
















Limit Notes  Analyte
Total Metals by EPA 6000/7000 Series Methods - Quality Control
MDL
Batch 7022431
Matrix Spike (7022431-MS1) Prepared: 02/24/17  Analyzed: 02/27/17 Source: 17B0749-03
Antimony mg/l 1.00 ND 94 75-1250.100.94 0.10
Arsenic " 1.00 0.004 93 75-1250.010.93 0.004
Barium " 1.00 0.18 97 75-1250.101.15 0.004
Beryllium " 1.00 ND 100 75-1250.011.00 0.001
Cadmium " 1.00 ND 92 75-1250.010.92 0.001
Chromium " 1.00 ND 95 75-1250.050.95 0.002
Cobalt " 1.00 0.002 85 75-1250.050.85 0.002
Copper " 1.00 0.006 101 75-1250.051.02 0.005
Lead " 1.00 ND 92 75-1250.010.92 0.008
Molybdenum " 1.00 ND 93 75-1250.050.93 0.009
Nickel " 1.00 0.009 87 75-1250.050.88 0.004
Selenium " 1.00 0.01 91 75-1250.010.92 0.005
Silver " 0.500 ND 105 75-1250.0050.53 0.001
Thallium " 1.00 ND 87 75-1250.010.87 0.005
Vanadium " 1.00 0.003 100 75-1250.051.00 0.002
Zinc " 1.00 0.29 89 75-1250.051.18 0.004
Matrix Spike (7022431-MS2) Prepared: 02/24/17  Analyzed: 02/27/17 Source: 17B0551-01
Antimony mg/l 1.00 ND 89 75-1250.100.89 0.10
Arsenic " 1.00 ND 90 75-1250.010.90 0.004
Barium " 1.00 0.20 92 75-1250.101.12 0.004
Beryllium " 1.00 ND 96 75-1250.010.96 0.001
Cadmium " 1.00 ND 87 75-1250.010.87 0.001
Chromium " 1.00 ND 90 75-1250.050.90 0.002
Cobalt " 1.00 ND 84 75-1250.050.84 0.002
Copper " 1.00 ND 95 75-1250.050.95 0.005
Lead " 1.00 ND 84 75-1250.010.84 0.008
Molybdenum " 1.00 ND 92 75-1250.050.92 0.009
Nickel " 1.00 ND 86 75-1250.050.86 0.004
Selenium " 1.00 0.006 87 75-1250.010.87 0.005
Silver " 0.500 ND 101 75-1250.0050.51 0.001
Thallium " 1.00 ND 79 75-1250.010.79 0.005
Vanadium " 1.00 0.002 95 75-1250.050.95 0.002
Zinc " 1.00 0.02 84 75-1250.050.87 0.004
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.
















Limit Notes  Analyte
Total Metals by EPA 6000/7000 Series Methods - Quality Control
MDL
Batch 7022431
Matrix Spike Dup (7022431-MSD1) Prepared: 02/24/17  Analyzed: 02/27/17 Source: 17B0749-03
Antimony mg/l 1.00 ND 93 75-125 1 200.100.93 0.10
Arsenic " 1.00 0.004 92 75-125 0.8 200.010.92 0.004
Barium " 1.00 0.18 95 75-125 1 200.101.13 0.004
Beryllium " 1.00 ND 99 75-125 0.8 200.010.99 0.001
Cadmium " 1.00 ND 91 75-125 1 200.010.91 0.001
Chromium " 1.00 ND 94 75-125 2 200.050.94 0.002
Cobalt " 1.00 0.002 83 75-125 2 200.050.84 0.002
Copper " 1.00 0.006 99 75-125 2 200.051.00 0.005
Lead " 1.00 ND 91 75-125 2 200.010.91 0.008
Molybdenum " 1.00 ND 92 75-125 1 200.050.92 0.009
Nickel " 1.00 0.009 85 75-125 2 200.050.86 0.004
Selenium " 1.00 0.01 89 75-125 1 200.010.91 0.005
Silver " 0.500 ND 103 75-125 2 200.0050.51 0.001
Thallium " 1.00 ND 86 75-125 2 200.010.86 0.005
Vanadium " 1.00 0.003 98 75-125 2 200.050.98 0.002
Zinc " 1.00 0.29 88 75-125 1 200.051.17 0.004
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.
















Limit Notes  Analyte
Metals (Dissolved) by EPA 6000/7000 Series Methods - Quality Control
MDL
Batch 7030750

















LCS (7030750-BS1) Prepared: 03/07/17  Analyzed: 03/09/17 
Antimony mg/l 1.00 96 75-1250.1000.962 0.100
Arsenic " 1.00 93 75-1250.0100.932 0.004
Barium " 1.00 100 75-1250.1001.00 0.004
Beryllium " 1.00 100 75-1250.0101.00 0.001
Cadmium " 1.00 99 75-1250.0100.988 0.001
Chromium " 1.00 98 75-1250.0500.977 0.002
Cobalt " 1.00 97 75-1250.0500.971 0.002
Copper " 1.00 98 75-1250.0500.982 0.005
Lead " 1.00 101 75-1250.0101.01 0.008
Molybdenum " 1.00 102 75-1250.0501.02 0.009
Nickel " 1.00 93 75-1250.0500.932 0.004
Selenium " 1.00 98 75-1250.0100.984 0.005
Silver " 0.500 59 75-125 QL-040.0050.293 0.001
Thallium " 1.00 100 75-1250.0100.996 0.005
Vanadium " 1.00 101 75-1250.0501.01 0.002
Zinc " 1.00 97 75-1250.0500.967 0.004
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.
















Limit Notes  Analyte
Metals (Dissolved) by EPA 6000/7000 Series Methods - Quality Control
MDL
Batch 7030750
LCS Dup (7030750-BSD1) Prepared: 03/07/17  Analyzed: 03/09/17 
Antimony mg/l 1.00 96 75-125 0.2 200.1000.963 0.100
Arsenic " 1.00 93 75-125 0.3 200.0100.929 0.004
Barium " 1.00 101 75-125 0.9 200.1001.01 0.004
Beryllium " 1.00 100 75-125 0.5 200.0100.996 0.001
Cadmium " 1.00 99 75-125 0.5 200.0100.993 0.001
Chromium " 1.00 98 75-125 0.7 200.0500.984 0.002
Cobalt " 1.00 98 75-125 1 200.0500.980 0.002
Copper " 1.00 99 75-125 0.9 200.0500.990 0.005
Lead " 1.00 100 75-125 0.4 200.0101.00 0.008
Molybdenum " 1.00 101 75-125 0.9 200.0501.01 0.009
Nickel " 1.00 94 75-125 1 200.0500.941 0.004
Selenium " 1.00 98 75-125 0.9 200.0100.975 0.005
Silver " 0.500 85 75-125 37 20 QL-100.0050.424 0.001
Thallium " 1.00 99 75-125 0.7 200.0100.989 0.005
Vanadium " 1.00 102 75-125 1 200.0501.02 0.002
Zinc " 1.00 97 75-125 0.6 200.0500.973 0.004
Duplicate (7030750-DUP1) Prepared: 03/07/17  Analyzed: 03/09/17 Source: 17B0570-04
Antimony mg/l ND 200.100ND 0.100
Arsenic " 0.008 18 20 J0.0100.007 0.004
Barium " 0.039 3 20 J0.1000.040 0.004
Beryllium " ND 200.010ND 0.001
Cadmium " ND 200.010ND 0.001
Chromium " ND 200.050ND 0.002
Cobalt " ND 200.050ND 0.002
Copper " ND 200.050ND 0.005
Lead " ND 200.010ND 0.008
Molybdenum " ND 200.050ND 0.009
Nickel " ND 200.050ND 0.004
Selenium " ND 200.010ND 0.005
Silver " ND 200.005ND 0.001
Thallium " ND 200.010ND 0.005
Vanadium " 0.004 7 20 J0.0500.004 0.002
Zinc " ND 200.050ND 0.004
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.
















Limit Notes  Analyte
Metals (Dissolved) by EPA 6000/7000 Series Methods - Quality Control
MDL
Batch 7030750
Matrix Spike (7030750-MS1) Prepared: 03/07/17  Analyzed: 03/09/17 Source: 17B0570-04
Antimony mg/l 1.00 ND 99 75-1250.1000.992 0.100
Arsenic " 1.00 0.008 99 75-1250.0100.993 0.004
Barium " 1.00 0.039 102 75-1250.1001.06 0.004
Beryllium " 1.00 ND 105 75-1250.0101.05 0.001
Cadmium " 1.00 ND 101 75-1250.0101.01 0.001
Chromium " 1.00 ND 99 75-1250.0500.993 0.002
Cobalt " 1.00 ND 99 75-1250.0500.991 0.002
Copper " 1.00 ND 102 75-1250.0501.02 0.005
Lead " 1.00 ND 102 75-1250.0101.02 0.008
Molybdenum " 1.00 ND 102 75-1250.0501.02 0.009
Nickel " 1.00 ND 94 75-1250.0500.944 0.004
Selenium " 1.00 ND 106 75-1250.0101.06 0.005
Silver " 0.500 ND 48 75-125 QM-050.0050.240 0.001
Thallium " 1.00 ND 101 75-1250.0101.01 0.005
Vanadium " 1.00 0.004 103 75-1250.0501.03 0.002
Zinc " 1.00 ND 100 75-1250.0500.998 0.004
Matrix Spike Dup (7030750-MSD1) Prepared: 03/07/17  Analyzed: 03/09/17 Source: 17B0570-04
Antimony mg/l 1.00 ND 97 75-125 3 200.1000.967 0.100
Arsenic " 1.00 0.008 96 75-125 3 200.0100.964 0.004
Barium " 1.00 0.039 99 75-125 3 200.1001.02 0.004
Beryllium " 1.00 ND 102 75-125 2 200.0101.02 0.001
Cadmium " 1.00 ND 98 75-125 3 200.0100.980 0.001
Chromium " 1.00 ND 97 75-125 3 200.0500.968 0.002
Cobalt " 1.00 ND 96 75-125 4 200.0500.955 0.002
Copper " 1.00 ND 99 75-125 3 200.0500.987 0.005
Lead " 1.00 ND 100 75-125 2 200.0101.00 0.008
Molybdenum " 1.00 ND 100 75-125 2 200.0501.00 0.009
Nickel " 1.00 ND 92 75-125 3 200.0500.918 0.004
Selenium " 1.00 ND 104 75-125 2 200.0101.04 0.005
Silver " 0.500 ND 51 75-125 6 20 QM-050.0050.256 0.001
Thallium " 1.00 ND 99 75-125 2 200.0100.991 0.005
Vanadium " 1.00 0.004 101 75-125 2 200.0501.01 0.002
Zinc " 1.00 ND 97 75-125 3 200.0500.967 0.004
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.
















Limit Notes  Analyte
Total Metals by EPA 200 Series Methods - Quality Control
MDL
Batch 7022238
Blank (7022238-BLK1) Prepared: 02/22/17  Analyzed: 02/23/17 
Arsenic mg/l0.002ND 0.0001
LCS (7022238-BS1) Prepared: 02/22/17  Analyzed: 02/24/17 
Arsenic mg/l 0.100 104 85-1150.0020.104 0.0001
LCS Dup (7022238-BSD1) Prepared: 02/22/17  Analyzed: 02/24/17 
Arsenic mg/l 0.100 107 85-115 2 200.0020.107 0.0001
Duplicate (7022238-DUP1) Prepared: 02/22/17  Analyzed: 02/24/17 Source: 17B0688-02
Arsenic mg/l ND 200.002ND 0.0001
Matrix Spike (7022238-MS1) Prepared: 02/22/17  Analyzed: 02/24/17 Source: 17B0688-02
Arsenic mg/l 0.100 ND 108 70-1300.0020.108 0.0001
Matrix Spike (7022238-MS2) Prepared: 02/22/17  Analyzed: 02/24/17 Source: 17B0645-01
Arsenic mg/l 0.100 0.0007 108 70-1300.0020.109 0.0001
Matrix Spike Dup (7022238-MSD1) Prepared: 02/22/17  Analyzed: 02/24/17 Source: 17B0688-02
Arsenic mg/l 0.100 ND 106 70-130 2 200.0020.106 0.0001
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.
















Limit Notes  Analyte
Metals (Dissolved) by EPA 200 Series Methods - Quality Control
MDL
Batch 7022330
Blank (7022330-BLK1) Prepared & Analyzed: 02/23/17 
Arsenic mg/l J0.0020.0001 0.0001
LCS (7022330-BS1) Prepared: 02/23/17  Analyzed: 02/24/17 
Arsenic mg/l 0.0500 99 75-1250.0020.049 0.0001
LCS Dup (7022330-BSD1) Prepared: 02/23/17  Analyzed: 02/24/17 
Arsenic mg/l 0.0500 99 75-125 0.06 200.0020.049 0.0001
Duplicate (7022330-DUP1) Prepared: 02/23/17  Analyzed: 02/24/17 Source: 17B0718-07
Arsenic mg/l ND 200.002ND 0.0001
Matrix Spike (7022330-MS1) Prepared: 02/23/17  Analyzed: 02/24/17 Source: 17B0718-07
Arsenic mg/l 0.0500 ND 104 75-1250.0020.052 0.0001
Matrix Spike (7022330-MS2) Prepared: 02/23/17  Analyzed: 02/24/17 Source: 17B0666-02
Arsenic mg/l 0.0500 ND 103 75-1250.0020.052 0.0001
Matrix Spike Dup (7022330-MSD1) Prepared: 02/23/17  Analyzed: 02/24/17 Source: 17B0718-07
Arsenic mg/l 0.0500 ND 103 75-125 0.8 200.0020.052 0.0001
Batch 7030167
Blank (7030167-BLK1) Prepared & Analyzed: 03/01/17 
Arsenic mg/l0.002ND 0.0001
LCS (7030167-BS1) Prepared & Analyzed: 03/01/17 
Arsenic mg/l 0.0500 99 75-1250.0020.049 0.0001
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.
















Limit Notes  Analyte
Metals (Dissolved) by EPA 200 Series Methods - Quality Control
MDL
Batch 7030167
LCS Dup (7030167-BSD1) Prepared & Analyzed: 03/01/17 
Arsenic mg/l 0.0500 99 75-125 0.8 200.0020.050 0.0001
Duplicate (7030167-DUP1) Prepared: 03/01/17  Analyzed: 03/02/17 Source: 17B0886-04
Arsenic mg/l ND 200.002ND 0.0001
Matrix Spike (7030167-MS1) Prepared: 03/01/17  Analyzed: 03/02/17 Source: 17B0886-04
Arsenic mg/l 0.0500 ND 110 75-1250.0020.055 0.0001
Matrix Spike (7030167-MS2) Prepared: 03/01/17  Analyzed: 03/07/17 Source: 17B0779-03
Arsenic mg/l 0.0500 0.027 112 75-1250.0100.083 0.0005
Matrix Spike Dup (7030167-MSD1) Prepared: 03/01/17  Analyzed: 03/02/17 Source: 17B0886-04
Arsenic mg/l 0.0500 ND 110 75-125 0.3 200.0020.055 0.0001
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  17B0570
Blank Mountain
Notes and Definitions 
QM-05 The spike recovery was outside acceptance limits for the MS and/or MSD due to matrix interference. The LCS and/or LCSD were 
within acceptance limits showing that the laboratory is in control and the data is acceptable.
QL-10 Due to a digestion/spiking error the LCS percent recovery was outside of the control limit.  The LCSD had acceptable recovery 
showing that the method is in control and the analytes are reportable.  Data released without further qualification.
QL-04 Due to typical low recoveries for this analyte, the RPD will often fall outside the acceptance limits.
J Detected but below the Reporting Limit; therefore, result is an estimated concentration (CLP J-Flag).




Analyte NOT DETECTED at or above the reporting limit (or method detection limit when specified)ND
MDL Method detection limit (indicated per client's request)
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.





University of San Diego
Blank Mountain
San Diego, CA 92110
5998 Alcala Park
Eric Cathcart
Enclosed are the results of analyses for samples received by the laboratory on 03/07/17 13:25.  Samples were 
analyzed pursuant to client request utilizing EPA or other ELAP approved methodologies.  I certify that this 
data is in compliance both technically and for completeness.  
17 March 2017
Attn:
EMA Log #: 17C0208
Laboratory Director
Dan Verdon
CA ELAP Certification #: 2564
Project Name:




University of San DiegoClient Name: EMA Log #:  17C0208
Blank Mountain
Sample ID Laboratory ID Matrix Date Sampled
ANALYTICAL REPORT FOR SAMPLES
Date Received
TRAIL CROSSING 06 17C0208-01 03/07/17 12:00 03/07/17 13:25Water
CULVERT 06 17C0208-02 03/07/17 12:09 03/07/17 13:25Water
BRIDGE 06 17C0208-03 03/07/17 12:47 03/07/17 13:25Water
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  17C0208
Blank Mountain
Total Metals by EPA 200 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
TRAIL CROSSING 06 (17C0208-01) Water    Sampled: 03/07/17 12:00   Received: 03/07/17 13:25
7031337 03/13/17 03/14/17 mg/l 10.029 0.0001 0.002Arsenic EPA 200.8
CULVERT 06 (17C0208-02) Water    Sampled: 03/07/17 12:09   Received: 03/07/17 13:25
7031337 03/13/17 03/14/17 mg/l 10.026 0.0001 0.002Arsenic EPA 200.8
BRIDGE 06 (17C0208-03) Water    Sampled: 03/07/17 12:47   Received: 03/07/17 13:25
7031337 03/13/17 03/15/17 mg/l 10.004 0.0001 0.002Arsenic EPA 200.8
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  17C0208
Blank Mountain
Metals (Dissolved) by EPA 200 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
TRAIL CROSSING 06 (17C0208-01) Water    Sampled: 03/07/17 12:00   Received: 03/07/17 13:25
7031335 03/13/17 03/13/17 mg/l 10.029 0.0001 0.002Arsenic EPA 200.8
CULVERT 06 (17C0208-02) Water    Sampled: 03/07/17 12:09   Received: 03/07/17 13:25
7031335 03/13/17 03/15/17 mg/l 10.025 0.0001 0.002Arsenic EPA 200.8
BRIDGE 06 (17C0208-03) Water    Sampled: 03/07/17 12:47   Received: 03/07/17 13:25
7031335 03/13/17 03/15/17 mg/l 10.005 0.0001 0.002Arsenic EPA 200.8
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  17C0208
Blank Mountain
Conventional Chemistry Parameters by Standard/EPA Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
TRAIL CROSSING 06 (17C0208-01) Water    Sampled: 03/07/17 12:00   Received: 03/07/17 13:25
7031006 03/10/17 03/10/17 umhos/cm 1790 1.00 1.00Specific Conductance (EC) SM2510 B
7030841 03/07/17 03/07/17 pH Units " HT-155.99 0.01 0.10pH SM4500-H+ B
CULVERT 06 (17C0208-02) Water    Sampled: 03/07/17 12:09   Received: 03/07/17 13:25
7031006 03/10/17 03/10/17 umhos/cm 1771 1.00 1.00Specific Conductance (EC) SM2510 B
7030841 03/07/17 03/07/17 pH Units " HT-156.71 0.01 0.10pH SM4500-H+ B
BRIDGE 06 (17C0208-03) Water    Sampled: 03/07/17 12:47   Received: 03/07/17 13:25
7031006 03/10/17 03/10/17 umhos/cm 11830 1.00 1.00Specific Conductance (EC) SM2510 B
7030841 03/07/17 03/07/17 pH Units " HT-157.36 0.01 0.10pH SM4500-H+ B
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.
















Limit Notes  Analyte
Total Metals by EPA 200 Series Methods - Quality Control
MDL
Batch 7031337
Blank (7031337-BLK1) Prepared: 03/13/17  Analyzed: 03/15/17 
Arsenic mg/l0.002ND 0.0001
LCS (7031337-BS1) Prepared: 03/13/17  Analyzed: 03/15/17 
Arsenic mg/l 0.100 110 85-1150.0020.110 0.0001
LCS Dup (7031337-BSD1) Prepared: 03/13/17  Analyzed: 03/15/17 
Arsenic mg/l 0.100 112 85-115 2 200.0020.112 0.0001
Duplicate (7031337-DUP1) Prepared: 03/13/17  Analyzed: 03/15/17 Source: 17C0098-03
Arsenic mg/l 0.001 27 20 QR-020.0020.002 0.0001
Matrix Spike (7031337-MS1) Prepared: 03/13/17  Analyzed: 03/15/17 Source: 17C0098-03
Arsenic mg/l 0.100 0.001 119 70-1300.0020.121 0.0001
Matrix Spike (7031337-MS2) Prepared: 03/13/17  Analyzed: 03/15/17 Source: 17C0367-01
Arsenic mg/l 0.100 0.0002 112 70-1300.0020.112 0.0001
Matrix Spike Dup (7031337-MSD1) Prepared: 03/13/17  Analyzed: 03/15/17 Source: 17C0098-03
Arsenic mg/l 0.100 0.001 114 70-130 4 200.0020.115 0.0001
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.
















Limit Notes  Analyte
Metals (Dissolved) by EPA 200 Series Methods - Quality Control
MDL
Batch 7031335
Blank (7031335-BLK1) Prepared & Analyzed: 03/13/17 
Arsenic mg/l0.002ND 0.0001
LCS (7031335-BS1) Prepared & Analyzed: 03/13/17 
Arsenic mg/l 0.0500 102 75-1250.0020.051 0.0001
LCS Dup (7031335-BSD1) Prepared & Analyzed: 03/13/17 
Arsenic mg/l 0.0500 100 75-125 1 200.0020.050 0.0001
Duplicate (7031335-DUP1) Prepared & Analyzed: 03/13/17 Source: 17C0208-01
Arsenic mg/l 0.029 1 200.0020.029 0.0001
Matrix Spike (7031335-MS1) Prepared & Analyzed: 03/13/17 Source: 17C0208-01
Arsenic mg/l 0.0500 0.029 119 75-1250.0020.088 0.0001
Matrix Spike Dup (7031335-MSD1) Prepared & Analyzed: 03/13/17 Source: 17C0208-01
Arsenic mg/l 0.0500 0.029 121 75-125 2 200.0020.090 0.0001
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.
















Limit Notes  Analyte
Conventional Chemistry Parameters by Standard/EPA Methods - Quality Control
MDL
Batch 7030841
Duplicate (7030841-DUP1) Prepared & Analyzed: 03/07/17 Source: 17C0208-03
pH pH Units 7.36 0.05 200.107.37 0.01
Reference (7030841-SRM1) Prepared & Analyzed: 03/07/17 
pH pH Units 7.59 101 7.36-102.640.107.66 0.01
Batch 7031006
Duplicate (7031006-DUP1) Prepared & Analyzed: 03/10/17 Source: 17B0411-28
Specific Conductance (EC) umhos/cm 837 0.2 201.00839 1.00
Reference (7031006-SRM1) Prepared & Analyzed: 03/10/17 
Specific Conductance (EC) umhos/cm 369 105 89.97-110.031.00388 1.00
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  17C0208
Blank Mountain
Notes and Definitions 
QR-02 The RPD result exceeded the QC limits due to non-homogeneity of sample.
HT-15 This sample was received outside of the EPA's recommended 15 minute holding time for this analysis.  However, the sample was 
analyzed immediately upon receipt.




Analyte NOT DETECTED at or above the reporting limit (or method detection limit when specified)ND
MDL Method detection limit (indicated per client's request)
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.





University of San Diego
Black Mountain Drainage Bioaccessible
San Diego, CA 92110
5998 Alcala Park
Beth O'Shea, PhD
Enclosed are the results of analyses for samples received by the laboratory on 04/26/18 11:32.  Samples were 
analyzed pursuant to client request utilizing EPA or other ELAP approved methodologies.  I certify that this 
data is in compliance both technically and for completeness.  
10 May 2018
Attn:
EMA Log #: 18D0948
Laboratory Director
Dan Verdon
CA ELAP Certification #: 2564
Project Name:





University of San DiegoClient Name: EMA Log #:  18D0948
Black Mountain Drainage Bioaccessible
Sample ID Laboratory ID Matrix Date Sampled
ANALYTICAL REPORT FOR SAMPLES
Date Received
BMD1_BA 18D0948-01 04/23/18 18:00 04/26/18 11:32Wastewater
BMD_blank_BA 18D0948-02 04/23/18 18:00 04/26/18 11:32Wastewater
BMD8_BA 18D0948-03 04/23/18 18:00 04/26/18 11:32Wastewater
BMD17_BA 18D0948-04 04/23/18 18:00 04/26/18 11:32Wastewater
BMD17dup_BA 18D0948-05 04/23/18 18:00 04/26/18 11:32Wastewater
BMD21_BA 18D0948-06 04/23/18 18:00 04/26/18 11:32Wastewater
BMD30_BA 18D0948-07 04/23/18 18:00 04/26/18 11:32Wastewater
BMD38_BA 18D0948-08 04/23/18 18:00 04/26/18 11:32Wastewater
BMD45_BA 18D0948-09 04/23/18 18:00 04/26/18 11:32Wastewater
BMD50_BA 18D0948-10 04/23/18 18:00 04/26/18 11:32Wastewater
BMD55_0-5_BA 18D0948-11 04/23/18 18:00 04/26/18 11:32Wastewater
BMD55_10-15_BA 18D0948-12 04/23/18 18:00 04/26/18 11:32Wastewater
BMD56_0-5_BA 18D0948-13 04/23/18 18:00 04/26/18 11:32Wastewater
BMD56_10-15_BA 18D0948-14 04/23/18 18:00 04/26/18 11:32Wastewater
BMD57_0-5_BA 18D0948-15 04/23/18 18:00 04/26/18 11:32Wastewater
BMD58_0-5_BA 18D0948-16 04/23/18 18:00 04/26/18 11:32Wastewater
BMD58_25-30_BA 18D0948-17 04/23/18 18:00 04/26/18 11:32Wastewater
BMD58dup_0-5_BA 18D0948-18 04/23/18 18:00 04/26/18 11:32Wastewater
BMD59_0-5_BA 18D0948-19 04/23/18 18:00 04/26/18 11:32Wastewater
BMD59_25-30_BA 18D0948-20 04/23/18 18:00 04/26/18 11:32Wastewater
BMD61_0-5_BA 18D0948-21 04/23/18 18:00 04/26/18 11:32Wastewater
BMD61_10-15_BA 18D0948-22 04/23/18 18:00 04/26/18 11:32Wastewater
BMD61_45-50_BA 18D0948-23 04/23/18 18:00 04/26/18 11:32Wastewater
BMD61_95-100_BA 18D0948-24 04/23/18 18:00 04/26/18 11:32Wastewater
BMD63_BA 18D0948-25 04/23/18 18:00 04/26/18 11:32Wastewater
BMD65_0-5_BA 18D0948-26 04/23/18 18:00 04/26/18 11:32Wastewater
BMD69_BA 18D0948-27 04/23/18 18:00 04/26/18 11:32Wastewater
BMD71_0-5_BA 18D0948-28 04/23/18 18:00 04/26/18 11:32Wastewater
BMD74_BA 18D0948-29 04/23/18 18:00 04/26/18 11:32Wastewater
BMD74dup_BA 18D0948-30 04/23/18 18:00 04/26/18 11:32Wastewater
BMD77_BA 18D0948-31 04/23/18 18:00 04/26/18 11:32Wastewater
BMD79_BA 18D0948-32 04/23/18 18:00 04/26/18 11:32Wastewater
BMD82_BA 18D0948-33 04/23/18 18:00 04/26/18 11:32Wastewater
BMD57_10-15_BA 18D0948-34 04/23/18 18:00 04/26/18 11:32Wastewater
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18D0948
Black Mountain Drainage Bioaccessible
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18D0948
Black Mountain Drainage Bioaccessible
Total Metals by EPA 6000/7000 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
BMD1_BA (18D0948-01) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050849 05/08/18 05/08/18 mg/l 10.013 0.004 0.010Arsenic EPA 6010
BMD_blank_BA (18D0948-02) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
EPA 601005/08/18 05/08/18 mg/l 80508491Arsenic ND 0.0100.004
BMD8_BA (18D0948-03) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050849 05/08/18 05/08/18 mg/l 12.31 0.004 0.010Arsenic EPA 6010
BMD17_BA (18D0948-04) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050849 05/08/18 05/08/18 mg/l 10.069 0.004 0.010Arsenic EPA 6010
BMD17dup_BA (18D0948-05) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050849 05/08/18 05/08/18 mg/l 10.079 0.004 0.010Arsenic EPA 6010
BMD21_BA (18D0948-06) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050849 05/08/18 05/08/18 mg/l 10.191 0.004 0.010Arsenic EPA 6010
BMD30_BA (18D0948-07) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050849 05/08/18 05/08/18 mg/l 10.112 0.004 0.010Arsenic EPA 6010
BMD38_BA (18D0948-08) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050849 05/08/18 05/08/18 mg/l 10.064 0.004 0.010Arsenic EPA 6010
BMD45_BA (18D0948-09) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050849 05/08/18 05/08/18 mg/l 10.026 0.004 0.010Arsenic EPA 6010
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18D0948
Black Mountain Drainage Bioaccessible
Total Metals by EPA 6000/7000 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
BMD50_BA (18D0948-10) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050849 05/08/18 05/08/18 mg/l 10.025 0.004 0.010Arsenic EPA 6010
BMD55_0-5_BA (18D0948-11) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050849 05/08/18 05/08/18 mg/l 10.032 0.004 0.010Arsenic EPA 6010
BMD55_10-15_BA (18D0948-12) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050849 05/08/18 05/08/18 mg/l 10.078 0.004 0.010Arsenic EPA 6010
BMD56_0-5_BA (18D0948-13) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050849 05/08/18 05/08/18 mg/l 10.028 0.004 0.010Arsenic EPA 6010
BMD56_10-15_BA (18D0948-14) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050849 05/08/18 05/08/18 mg/l 10.023 0.004 0.010Arsenic EPA 6010
BMD57_0-5_BA (18D0948-15) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050849 05/08/18 05/08/18 mg/l 10.068 0.004 0.010Arsenic EPA 6010
BMD58_0-5_BA (18D0948-16) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050849 05/08/18 05/08/18 mg/l 10.033 0.004 0.010Arsenic EPA 6010
BMD58_25-30_BA (18D0948-17) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050849 05/08/18 05/08/18 mg/l 10.028 0.004 0.010Arsenic EPA 6010
BMD58dup_0-5_BA (18D0948-18) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050849 05/08/18 05/08/18 mg/l 10.033 0.004 0.010Arsenic EPA 6010
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18D0948
Black Mountain Drainage Bioaccessible
Total Metals by EPA 6000/7000 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
BMD59_0-5_BA (18D0948-19) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050849 05/08/18 05/08/18 mg/l 10.038 0.004 0.010Arsenic EPA 6010
BMD59_25-30_BA (18D0948-20) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050849 05/08/18 05/08/18 mg/l 10.023 0.004 0.010Arsenic EPA 6010
BMD61_0-5_BA (18D0948-21) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050850 05/08/18 05/08/18 mg/l 10.315 0.004 0.010Arsenic EPA 6010
BMD61_10-15_BA (18D0948-22) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050850 05/08/18 05/08/18 mg/l 10.253 0.004 0.010Arsenic EPA 6010
BMD61_45-50_BA (18D0948-23) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050850 05/08/18 05/08/18 mg/l 10.018 0.004 0.010Arsenic EPA 6010
BMD61_95-100_BA (18D0948-24) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050850 05/08/18 05/08/18 mg/l 10.044 0.004 0.010Arsenic EPA 6010
BMD63_BA (18D0948-25) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050850 05/08/18 05/08/18 mg/l 10.323 0.004 0.010Arsenic EPA 6010
BMD65_0-5_BA (18D0948-26) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050850 05/08/18 05/08/18 mg/l 10.034 0.004 0.010Arsenic EPA 6010
BMD69_BA (18D0948-27) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050850 05/08/18 05/08/18 mg/l 10.028 0.004 0.010Arsenic EPA 6010
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18D0948
Black Mountain Drainage Bioaccessible
Total Metals by EPA 6000/7000 Series Methods
 Analyte  Result MDL Limit
Reporting
Units Dilution Batch Prepared Analyzed Method Notes 
BMD71_0-5_BA (18D0948-28) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050850 05/08/18 05/08/18 mg/l 10.123 0.004 0.010Arsenic EPA 6010
BMD74_BA (18D0948-29) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050850 05/08/18 05/08/18 mg/l 10.018 0.004 0.010Arsenic EPA 6010
BMD74dup_BA (18D0948-30) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050850 05/08/18 05/08/18 mg/l 10.020 0.004 0.010Arsenic EPA 6010
BMD77_BA (18D0948-31) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050850 05/08/18 05/08/18 mg/l 10.018 0.004 0.010Arsenic EPA 6010
BMD79_BA (18D0948-32) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050850 05/08/18 05/08/18 mg/l 10.019 0.004 0.010Arsenic EPA 6010
BMD82_BA (18D0948-33) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050850 05/08/18 05/08/18 mg/l 10.025 0.004 0.010Arsenic EPA 6010
BMD57_10-15_BA (18D0948-34) Wastewater    Sampled: 04/23/18 18:00   Received: 04/26/18 11:32
8050850 05/08/18 05/08/18 mg/l 10.026 0.004 0.010Arsenic EPA 6010
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18D0948











Limit Notes  Analyte
Total Metals by EPA 6000/7000 Series Methods - Quality Control
MDL
Batch 8050849
Blank (8050849-BLK1) Prepared & Analyzed: 05/08/18 
Arsenic mg/l0.010ND 0.004
LCS (8050849-BS1) Prepared & Analyzed: 05/08/18 
Arsenic mg/l 1.00 93 75-1250.0100.933 0.004
LCS Dup (8050849-BSD1) Prepared & Analyzed: 05/08/18 
Arsenic mg/l 1.00 93 75-125 0 200.0100.933 0.004
Batch 8050850
Blank (8050850-BLK1) Prepared & Analyzed: 05/08/18 
Arsenic mg/l0.010ND 0.004
LCS (8050850-BS1) Prepared & Analyzed: 05/08/18 
Arsenic mg/l 1.00 95 75-1250.0100.948 0.004
LCS Dup (8050850-BSD1) Prepared & Analyzed: 05/08/18 
Arsenic mg/l 1.00 95 75-125 0.5 200.0100.953 0.004
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.




University of San DiegoClient Name: EMA Log #:  18D0948
Black Mountain Drainage Bioaccessible
Notes and Definitions 




Analyte NOT DETECTED at or above the reporting limit (or method detection limit when specified)ND
MDL Method detection limit (indicated per client's request)
The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.
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